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PREFACE  TO  VOL.  III.  PART  VI. 

THIS  part  of  the   Treatise  on  Organic  Chemistry  contains  a 

description  of  the  derivatives  of   naphthalene  and  the  allied 

hydrocarbons,  as  well  as  of  the  compounds  consisting  of  two  or 

more  Benzene-nuclei  directly  connected.   The  next  part,  now  in 

the  press,  will  complete  the  description  of  the  hydrocarbons  and 

their  derivatives  properly  so   called.     The   authors  are   much 

indebted   to   Dr.   H.   G.  Colman  and  Dr.  A.  Harden  for  the 

assistance  which  they  have  given  them  in  passing  this  volume 

through  the  press. 

H.  E.  R 

C.  S. 

January,  1892. 
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OKGANIC  CHEMISTEY 

OR   THE    CHEMISTRY    OF    THE    HYDROCARBONS     AND  THEIR 
DERIVATIVES. 


PART  VI. 
THE  INDENE  GROUP. 

2552  The  compounds  of  this  group  are  derived  from  indene, 
a  hydrocarbon  which  occurs  in  coal-tar.  It  is  intermediate  in 
constitution  between  benzene  and  naphthalene. 

Benzene.  Indene.  Naphthalene. 

CH  CH  HC  c  CH 

HCf\GB.        B.cf\c— CH„V  HC^YVh 

HC'      JCH        HCl    JC— CH^  H(\    jN    JCH 

CH  CH  HC  U  CH 

The  ortho-position  is  assigned  to  the  carbon  atoms  combined 
with  the  benzene  nucleus  in  indene  and  its  derivatives,  because 
they  are  either  obtained  from  naphthalene  or  phthalic  acid,  or 
are  converted  into  the  latter  by  oxidation. 

All  the  indene  derivatives  at  present  known  are  derived  from 
the  following : 

Indene.  Hydrindene. 

/CHj\  /CH2\ 

C6H4(         VET,  C6H4<        >CH2 

\CH^  XCH/ 

■y 

Indone.  Hydrindone.  Diketohydrindene. 

.CO.  /COx  /COx 

C.H,<CH>H         C>*Kcn>S*         C-H<C0>CH!' 

The  letters  of  the  Greek  alphabet  are  used  as  shown  to  denote 
the  position  of  the  carbon  atoms  in  the  indene  chain.1 
1  Roser,  Annalen,  247,  129. 
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DERIVATIVES  OF  INDENE. 

2553  Indene,  C9H8,  occurs  in  the  fraction  of  crude  benzene 
boiling  at  about  176 — 182°,  from  which  it  is  isolated  by  means 
of  the  picrate.1  The  latter  forms  golden-yellow  needles  melting 
at  98°,  and  is  decomposed  by  steam.  Indene  is  a  colourless 
oil  which  has  a  sp.  gr.  of  1'040  at  15°  and  boils  atl79'5 — 180'5° 
(corr.).  It  combines  with  bromine  to  form  a  dibromide,  which 
melts  at  43 — 45°,  and  on  treatment  with  water  yields  indene 
bromhydrin,  which  crystallizes  in  long  white  needles  melting  at 
130 — 131°.  On  oxidation  with  nitric  acid  indene  is  converted 
into  phthalic  acid. 

m-Amido-fi-methylindene,  C9H6(NH2)CrI3,  is  formed  by  the 
action  of  tin  and  hydrochloric  acid  on  m-nitro-a-methylcin- 
namic  aldehyde.  m-Amido-a-methylhydrocinnamic  aldehyde 
is  first  formed,  and  then  loses  the  elements  of  water  : 

/CH2v  /CH2\ 

H,N.C6H/  >CH— CH3  =  H2N.C6H3<  )C— CH, 

OCEK  "  \CH^ 

+  H20. 

It  crystallizes  from  ether  in  small  lustrous  plates,  melting  at 
98°,  sublimes  readily,  and  boils  in  an  atmosphere  free'  from 
oxygen  at  271 — 272°,  under  a  pressure  of  718  mm.  Its  hydro- 
chloride also  crystallizes  in  small  lustrous  plates,  and  dissolves 
readily  in  water,  with  some  difficulty  in  cold  hydrochloric  acid. 
Acetic  anhydride  converts  the  base  into  the  acetyl  derivative, 
C9H6(NH.CO.CH3)CH3,  which  crystallizes  from  a  mixture  of 
ether  and  alcohol  in  aggregates  of  concentrically  arranged  prisms 
and  melts  at  148°.2 

The  base  is  converted  by  Sandmeyer's  diazoreaction  into 
cliloro-ft-methylindene,  C9H6C1(CH3),  a  dark  yellow  liquid,  boiling 
at  about  240°,  which  is  oxidized  by  nitric  acid  to  as-chlorophthalic 
acid.3 

The  following  compounds  have  been  prepared  by  similar 
methods : 

1 


Kramer  and  Spilker,  Ber.  23,  3276. 
v.  Miller  and  Kinkelin,  Ber.  19,  1249. 
v.  Miller  and  Eohde,  Ber.  22,  1830. 
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Melting-point. 

CH„ 


TO-Amido-/3-y-dimethylindene,  H2N.C6H /\c.CH3 

C.CH3 

lustrous  plates 62 63° 

OH 

?«-Amido-/3-ethylindene,    H2lSr.06H3/      2\c.C9HR 

micaceous  plates 89° 

m-Amido-isopropylindene, 

/CH2X  CHg 

H2N.C6H3<  \C_ OH<         ,  small  plates  .        84° 

\CH^  \CH3 

y-Methylindene-P-carboxylic  acid,  CuH10O2,  is  formed  when  a 
mixture  of  ethyl  benzylaceto-acetate  with  8  parts  of  concentrated 
sulphuric  acid  is  allowed  to  stand  for  several  hours  : 

C6H/         \CH.CO.OC2H6  =  C6H4/        \C.CO.OH 

I  I 

CH3  CH3 

+  HO.C2H5. 

The  acid  separates  out  when  the  mixture  is  poured  into  water. 
It  is  almost  insoluble  in  water,  but  readily  dissolves  in  hot 
alcohol,  from  which  it  crystallizes  in  small  white  needles,  melting 
at  200°.  On  heating  with  soda-lime  it  decomposes  into  carbon 
dioxide  and  y-methylindene,  C6H4:C3H2.CHS,  a  highly  refractive 
liquid,  which  boils  at  205 — 206°,  has  a  disagreeable  smell  re- 
sembling that  of  naphthalene,  and  changes  on  exposure  to  the 
air  into  a  yellow  resinous  mass.  It  is  also  formed  in  very  small 
quantity  when  benzylacetone  is  dissolved  in  concentrated 
sulphuric  acid.1  The  acid  is  converted  by  oxidation  into  phthalic 
acid  ;  when  it  is  fused  with  caustic  potash  and  a  little  water,  the 
surface  of  the  mass  becomes  coloured  blue  with  a  greenish  yellow 
metallic  lustre,  and  a  potassium  salt  is  formed,  which  is  only 
stable  in  alkaline  solution  and  appears  to  be  a  derivative  of 
complex  constitution. 

The  methyl  ester,  C10H9.CO.OCH3,  crystallizes  from  methyl 
alcohol  in  small,  lustrous  needles,  melting  at  78°. 

1  Miller  and  Eohde,  Ber.  23,  1883. 
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If  the  acid  be  exposed  to  the  vapour  of  bromine,  its  dibromide 
is  formed ;  it  separates  from  ether  in  white  crusts  and  melts 
with  decomposition  at  215°. 

Its  methyl  ester,  C10H9Br2.CO.OCH3,  forms  long,  white  needles 
melting  at  157°. 

a-Brom-a-methylindenecarboxylic  acid,  CnH9Br02,  is  prepared 
by  adding  the  calculated  quantity  of  bromine  to  methylindene- 
carboxylic  acid  suspended  in  glacial  acetic  acid,  the  dibromide 
which  is  first  formed  being  decomposed  in  the  following  manner  : 

/CH2V  /CH,-. 

C6H4<  >CBr.C02H  =  C6H/  >C.C02H  +  HBr. 

\CBr/  \CBr/ 

I  I 

CH3  CH3 

It  is  insoluble  in  water,  but  is  slightly  soluble  in  alcohol,  and 
crystallizes  from  acetic  acid  in  small,  white  needles,  melting  at 
245°.  Its  methyl  ester,  C9H8Br.CO.OCH3,  is  formed  by  the  action 
of  hydrobromic  acid  on  a  solution  of  the  acid  in  methyl  alcohol 
or  may  be  prepared  by  dissolving  the  ester  of  the  unbrominated 
acid  in  chloroform,  adding  the  calculated  amount  of  bromine  and 
allowing  to  evaporate.  It  forms  small,  flat  crystals,  melting  at 
98—100°. 

When  the  solution  of  the  acid  in  methyl  alcohol  is  saturated 
with  hydrochloric  acid,  the  methyl  ester  of  chloromethylindene- 
carboxylie  acid  is  formed,  perhaps  according  to  the  following 
equation  : 

/CH.V  /CHCL 

C6H/         >C.CO.OCH3+HCl=C6H,<  >CHCO.OCH„ 

^CBr/  \  CBr  / 

I  I 

CH3  CH3 

/CHCL 
=  C6H4<  \C.CO.OCH3  +  HBr. 

\-  C  =f 

CH3 

It  crystallizes  in  long,  silky  needles,  melting  at  84°,  and,  like  the 
ester  of  the  brominated  acid,  gives  with  alcoholic  caustic  soda  a 
splendid  blue  colouration,  which  on  standing  becomes  green  and 
^  finally  changes  to  brown  (Roser). 


HYDRINDENE 


DERIVATIVES    OF    HYDRINDENE. 

2554  Hydrindene,  C9H10,  is  obtained  by  reducing  indene  with 
sodium  in  boiling  alcoholic  solution.  It  is  a  colourless  oil 
which  has  a  sp.  gr.  of  0'957  at  15°  and  boils  at  1735 — 174"5° 
(corr.).1 

Hydrindene- ft-carboxylic  acid,  C10H10O2,  has  already  been 
.  described  as  hydrindonaphthenecarboxylic  acid  (Pt.  V.  p.  263).  It 
was  obtained  by  Baeyer  and  Perkin  by  adding  o-xylylene  bro- 
mide to  an  alcoholic  solution  of  ethyl  malonate  and  sodium,  the 
ethyl  ester  of  hydrindene-/3-dicarhoxylic  acid  being  formed  : 

.CH2Br  .CO.OC.H, 

C6H4<  +     CH2< 

\CH2Br  \CO.OC2H5 

/CH2X     /CO.OC2H5 
C6H4<  >C<  +  2HBr. 

\CH/      \CO.OC2H5 

The  free  acid  liberated  from  this  ester  forms  rhombic  plates  or 
tablets,  melts  at  199°,  and  when  heated  above  its  melting  point 
decomposes  into  carbon  dioxide  and  hydrindenecarboxylic  acid.2 
The  latter  may  also  be  prepared  by  dissolving  two  atoms  of  sodium 
in  eight  parts  of  alcohol,  adding  three  parts  of  absolute  ether, 
then  a  molecule  of  ethyl  acetoacetate  and  finally  a  molecule  of 
o-xylylene  bromide  dissolved  in  five  times  its  weight  of  ether. 
After  standing  for  a  few  hours  the  product  is  hydrolized  with 
alcoholic  caustic  potash : 

CH„Br  /CO.CH3 


C6H4<  +     CH3< 

\CH2Br  \CO.OCyi, 


+     CH„<  +  2Na 


CH,V       /CO.CHs 


A2 


=  C6H4<  >C<  +     2NaBr  +  H,. 

\CH/     \CO.OC2H6 

XCH2X      /CO.CH3 
C«H/       ><  +2KOH 

\ch/  \co.oc2h6 

OH  H 

=  C6H4  /      2\0<f  +  HO.C2H6  +  KO.CO.CH3. 

\CH/     \CO.OK 

1  Kramer  and  Spilker,  Bcr.  23,  3281.  2  Ber.  17,  122. 
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Hydrindenecarboxylic  acid  crystallizes  from  boiling  water  in 
fascicular  groups  of  needles,  melts  at  130°,  and  can  be  sublimed 
without  decomposition.  It  is  oxidized  by  potassium  perman- 
ganate to  o-carboxyphenylglyoxylic  acid,1  C02H.C6H4.C0.C02H. 
y-Methylhydrindene-fi-carboxylic  acid,  CnH1202,  is  prepared  by 
adding  a  large  excess  of  sodium  amalgam  to  a  boiling  alcoholic 
solution  of  methylindenecarboxylic  acid.  It  crystallizes  from  hot 
water  in  small  needles,  melts  at  80°,  and  boils  without  decom- 
position at  300 — 310°.  The  silver  salt  is  a  crystalline  pre- 
cipitate, and  the  barium  salt,  (C11H1102)2Ba  +  4H20,  crystallizes 
from  alcohol  in  needles,  which  are  very  soluble  in  water.2 

Trichlorohydroxyhydrindenecarboxylic  acid,  C10H7Cl3O3,  is 
formed  when  trichlorodiketohydronaphthalene  is  dissolved  in 
cold,  dilute  caustic  soda  solution  : 

HOx      /CO.OH 

.GO CO  >C< 

C6H/  I  +H20  =  C6H4/     >CC12 

\CHC1-CC12  \Q/ 

It  is  an  oily  liquid  and  yields  a  methyl  ester  which  forms 
lustrous  monosymmetric  crystals,  melting  at  150°.  When  heated 
to  100°  with  acetyl  chloride,  a  compound  of  the  formula 
C9H5Cl3(OCO.CH3)CO.OCH3  is  obtained,  which  crystallizes  in 
small  needles  and  melts  at  114 — 115°.3 

The  acid  is  oxidized  to  trichlorohydrindone  by  a  dilute  solution 
of  chromic  acid. 


DERIVATIVES   OF   INDONE. 

2555  Dichlwindone,  C9H4C120,  was  obtained  by  Zincke  and 
Frohlich  by  the  oxidation  of  dichlorohydroxyindenecarboxylic 
acid.4  Roser  and  Haselhoff  then  found  that  it  can  readily  be 
prepared  from  dichlorocinnamic  acid,  which  is  itself  obtained  by 
passing  chlorine  into  a  solution  of  phenylpropiolic  acid  in  chloro- 
form. When  the  product  is  dissolved  in  sulphuric  acid,  the 
following  reaction  occurs : 

/C0\ 
C6H5.CCt=CCIC0.0H  =  C6H4<         >CC1  +  H„0. 

1  Scherke,  Ber.  18,  378  ;  Perkin,  Journ.  Chem.  Soc.  1888,  1,  7. 

'  Koser,  Annalen,  247,  165. 

8  Zincke,  Ber.  20,  2894.  *  Ber.  20,  1267. 
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The  pure  substance  is  obtained  by  precipitation  with  water  and 
distillation  with  steam.1  It  crystallizes  from  alcohol  or  acetic 
acid  in  long,  golden  yellow,  lustrous  needles,  has  a  characteristic 
smell,  somewhat  resembling  that  of  quinone,  and  melts  at  90°. 
When  its  alcoholic  solution  is  boiled  with  potassium  bromide, 
chlorobromindone,  C9H4ClBrO,  is  obtained  ;  it  crystallizes  in  small 
yellow  needles  and  melts  at  105°. 

Dichlorindone-oxime,  C9H4C12(N.0H),  is  formed  when  an 
alcoholic  solution  of  dichlorindone  is  gently  heated  with  hydroxy- 
lamine  hydrochloride ;  it  crystallizes  in  long,  light  yellow  needles, 
which  are  readily  soluble  in  alkalis  and  warm  alcohol. 

Anilidochlorindone,  C9H4C1(NH.C6H6)0,  is  prepared  by  heat- 
ing dichlorindone  or  chlorobromindone  with  aniline  dissolved  in 
alcohol  or  acetic  acid  : 

/COx  CO 

C6H4<\CC1^CC1  +  NH2'CfiH6  =  C6H<>C1  +  HC1 

C.NH.C6H5 

It  is  only  slightly  soluble  in  alcohol  and  acetic  acid,  and  crystal- 
lizes in  slender,  deep  red  needles,  melting  at  203 — 204°,  which 
dissolve  without  decomposition  in  dilute  alkalis,  forming  red 
solutions;  when  such  a  solution  is  boiled,  however,  chlorohy- 
droxyindone  is  formed. 

The  amines  act  upon  dichlorindone  in  a  similar  manner  to 
aniline  :  methylamine  and  dimethylamine,  for  example,  form  the 
following  compounds: 

Melting-point. 

/C0\ 

C6H4\  /CC1>  l0I1S  dark  red  needleS 195 

\Q  -T 

N(CH3)H 

/COx 
C6H4<^        /GC1,  thick  red  tablets 140 

I 
N(CH3)2 

Chlorohydroxyindone,  C9H4(OH)C10,  is  formed  when  the  pre- 
ceding compounds  are  heated  with  alkalis  or  acids,  and  may  also 

1  Annalcn,  247,  129. 


10  INDENE  DERIVATIVES 

be  prepared  by  suspending  dichlorindone  in  alcohol  and  gradually 
adding  caustic  soda  solution,  the  liquid  being  well  stirred  and 
cooled  throughout  the  operation  ;  the  mixture  is  allowed  to  stand 
for  a  day  and  the  chlorohydroxyindone  then  precipitated  by 
hydrochloric  acid.  It  crystallizes  from  dilute  alcohol  in  broad, 
thin  plates,  with  a  satin  lustre,  and  separates  from  light  petroleum 
in  small  compact  crystals,  melting  at  114°.  It  forms  a  red 
solution  in  alkalis,  from  which  it  is  precipitated  by  acids.  If  its 
solution  in  alcohol  or  acetic  acid  be  heated  with  aniline,  the 
anilido-compound  described  above  is  formed. 

The  chlorine  atom  which  is  removed  in  the  formation  of 
chlorohydroxyindone  and  other  derivatives  from  dichlorindone  is 
that  which  occupies  the  7-position.  This  follows  from  the  fact 
that  chlorohydroxyindone  is  converted  by  the  action  of  chlorine 
into  dichlorodiketohydrindene,  C6H4(C0)2CC12,  which  is  de- 
scribed below,  a  substance  -which  can  also  be  obtained  from 
naphthoquinone  and  can  readily  be  converted  into  phthalic 
acid. 

Dichlorohydroxyindenecarboxylic  acid,  C10HaCl2O3,  is  formed 
when  dichloro-/3-naphthoquinone  is  treated  with  cold  dilute 
caustic  soda  solution,  the  mixture  being  frequently  shaken  until 
it  has  dissolved  : 

HO.       /CO.OH 
CO— CO  >c< 

CBH  /  I        +  H20  =  CfiH4<      >CC1 

-CChzzCCl 


CC! 


It  crystallizes  in  slender  white  needles  containing  water,  which  are 
readily  soluble  in  alcohol,  but  only  slightly  in  water.1  As 
already  mentioned,  it  is  oxidized  to  dichlorindone  by  chromic 
acid: 


HOx      /CO.OH 
CBH  /   ^CCl  +  0  =  C6H  /       \CC1  +  C02  +  H20. 

CC1  CC1 


Its  methyl  ester,  C9H6C120.C02CH3,  crystallizes  from  alcohol  in 
thick  plates,  and  from  ether  in  lustrous,  six-sided  tablets,  which 
melt  at  137—138°. 

1  Zincke,  Bar.  19,  2493. 
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y-Bromindone,  C9H6BrO,  is  formed  when  dibrom-a-naphthol 
is  brought  into  well  cooled  fuming  nitric  acid.  It  forms  small 
ochreous  scales,  melting  at  127—128°.  Its  constitution  follows 
from  that  of  the  dibrom-a-naphthol  from  which  it  is  obtained  : 


OH 


Br  ,CO 


CAWCH 


Br 


Anilido-y-bromindone,  C9HsBrO(NC6H5),  is  obtained  by 
boiling  the  bromindone  in  concentrated  alcoholic  solution  with 
aniline;  the  hydro-derivative,  which  can  be  obtained  by  the 
action  of  reducing  agents  on  the  amido-compound,  is  probably 
first  formed  and  is  then  oxidized  on  exposure  to  the  air.  It 
dissolves  very  sparingly  in  boiling  alcohol,  readily  in  benzene 
chloroform  and  sulphuric  acid,  with  a  magenta-red  colour, 
and  separates  in  deep  red  scales,  melting  at  190°;  it  is 
therefore  isomeric  with  the  compound  obtained  by  Boser  (see 
below)  which  melts  at  170°.  It  readily  forms  salts  with  alkalis, 
but  is  decomposed  on  boiling  with  caustic  soda  solution,  with 
formation  of  a  bromohydroxyindone,  isomeric  with  that  obtained 
by  Boser  and  Haselhoff : 

/(OH), 
C6H4(|  >C:N.C6H5  +  H20  = 

xCBr—  / 


,C(OH)N 
4\CBr—  /" 


C6H4<|  >C:0  +  C6H5.NH2. 


This  substance  crystallizes  from  hot  water,  in  dull  orange  coloured 
stumpy  needles,  melting  at  191 — 192°.  It  forms  a  characteristic 
barium  salt,  crystallizing  in  slender  orange  needles. 

7-Bromindone  also  reacts  with  other  amido-compounds  form- 
ing bodies  which  resemble  the  anilide.1 

Dibromindone,  C9H4Br20,  is  obtained  from  dihromocinnamic 
acid,  and  crystallizes  from  alcohol  in  orange-yellow  needles,  which 
melt  at  123° ;  in  its  other  properties  it  closely  resembles  dichlor- 

1    Meldok  and  Hughes,  Journ.  Clicm.  Soc.  1S90,  1,  393. 
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indone.  When  its  alcoholic  solution  is  boiled  with  potassium 
iodide,  bromo-iodindone,  C9H4BrIO,  is  formed ;  this  substance 
crystallizes  in  short,  yellowish  red  pointed  prisms,  which  are 
odourless  and  melt  at  163°. 

Dibromindone-oxime,  C6H4.C3Br2(N.OH),  crystallizes  from 
alcohol  in  fascicular  groups  of  yellow,  silky  needles,  and  melts 
at  198°  with  decomposition.  Its  sodium  salt  forms  well- 
developed  yellow  needles  and  is  readily  soluble  in  water,  less 
easily  in  caustic  soda  solution. 

Tribromindone-oxime,  C6H3Br.C3Br2(N.OH),  is  the  product  of 
the  action  of  bromine  on  the  preceding  compound,  and  crys- 
tallizes from  alcohol  in  small,  golden-yellow,  silky  needles. 

Anilidobromindone,  C9H4Br(NH.C6Hs)0,  crystallizes  in  light 
red  needles  and  melts  at  170°;  it  is  readily  soluble  in  alcohol 
and  acetic  acid,  and  resembles  the  chlorine  compound  in  its 
other  properties. 

Bromohydroxyindone,  C9H4(OH)BrO,  is  formed  by  the  action  of 
caustic  soda  on  dibromindone  and  crystallizes  in  slender  needles, 
which  have  a  very  slight  yellow  tint.  It  melts  at  119°,  is 
readily  soluble  in  alcohol,  acetic  acid  and  benzene,  and  forms 
red  solutions  in  the  alkalis  (Roser  and  Haselhoff). 


HYDRINDONE    AND   ITS    DERIVATIVES. 

2556     Hydrindone,   C9HgO,   is   prepared   by  gently  heating 
ethyl  o-cyanobenzylacetate  with  concentrated  hydrochloric  acid  : 

/CN  /COx 

C6H  /  +  2H20  =  C6H4<  >CH2. 

\CH2.CH2.CO.OC2H6  XCH/ 

+  NH3  +  C02  +  HO.C2H6. 

As  soon  as  the  evolution  of  carbon  dioxide  has  ceased,  the 
liquid  is  neutralized  and  distilled  with  steam.  The  hydrindone 
passes  over  as  an  oil,  which  soon  solidifies,  and  that  which  has 
dissolved  in  the  aqueous  distillate  separates  on  cooling  in  well- 
developed  rhombohedral  tablets,  which  melt  at  40°.  It  boils 
at  243 — 245°,  has  a  characteristic  smell  resembling  that  of 
phthalide,  and  is  readily  taken  up  by  most  solvents. 

When  hydrindone  is  heated  to  100°  for  some   hours   with 
concentrated  hydrochloric  acid,  it  is  converted  into  tribenzylene- 
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benzene,  C27H18,  water  being  eliminated.  The  formation  of 
this  substance,  which  will  be  subsequently  described,  is  quite 
analogous  to  that  of  mesitylene  from  acetone. 

Phosphorus  pentachloride  acts  upon  hydrindone  when  the 
two  are  heated  together  with  formation  of  dichlorindene, 
C9H6C12,  which  crystallizes  from  methyl  alcohol  in  lustrous 
prisms  melting  at  29°. 

Hydrindone-oxime,  C9HgN.OH,  crystallizes  from  alcohol  in 
lustrous  white  needles,  melting  at  146°. 

JTydrindonephenylhydrazone,  C9H8N.NH.C6H6,  separates  from 
alcohol  in  white  prisms,  which  turn  brown  at  120°  and  melt  at 
a  few  degrees  above  this  temperature.  It  changes  in  the  air 
into  a  brown  oil,  and  when  boiled  with  hydrochloric  acid  is 
converted  into  benzylene-indol,  C18HnN,  which  will  be  sub- 
sequently described.1 

Trichlorohydrindone,  C9H6C120,  is  formed  by  the  oxidation  of 
trichlorohydroxyhydrindenecarboxylic  acid  : 

H(X        /CO,H 

CeH4<(    J>CC12       +  O  =  C6H4/  \CC12  +  H20  +  C02. 

CHC1  CHC1 

It  crystallizes  from  alcohol  in  thick,  pointed  needles  or  prisms, 
melts  at  58 — 59°,  and  has  a  characteristic  smell,  resembling  that 
of  benzophenone.  It  is  converted  by  methylamine  into 
dichlorindone,  which  then  combines  with  the  excess  of  the 
amine  to  form  the  substance  already  described  (Zincke). 
Caustic  soda  solution  dissolves  it  and  thereby  converts  it  into 

CO  TT 

dichlorovinylbenzoic   acid,  C6H4<Cp  -an\  • 

Tctrachlorohydrindone,  C9H4C140,  is  prepared  by  passing 
chlorine  into  a  warm  solution  of  dichlorindone  in  acetic  acid, 
and  forms  colourless  transparent  monosymmetric  crystals  or 
thick  white  striated  needles,  which  melt  at  107 — 108°,  and 
sublime  at  a  somewhat  lower  temperature,  yielding  a  vapour 
which  has  a  peculiar  smell,  resembling  that  of  hexchlorethane. 
When  its  solution  in  caustic  soda,  to  which  a  little  alcohol  has 
been  added,  is  heated,  trichlorovinylbenzoic  acid  is  formed : 

.CO.  /CO.OH 

C6H4<  >CC1,  +  H20  =  C6H4<  +  HC1 

Nx?]/  \CC1=CC12 

2 

1  Hausmann,  Bcr.  22,  2019. 
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This  substance  crystallizes  from  dilute  alcohol  in  needles  or 
long  plates,  and  melts  at  163°.  It  is  converted  by  the  continued 
action  of  sodium  amalgam  and  water  into  o-ethylbenzoic  acid.1 

Dibromohydrindone,  C9H6Br20,  is  obtained  when  bromine 
diluted  with  chloroform  is  gradually  added  to  a  boiling  solution 
of  hydrindone  in  chloroform.  It  crystallizes  from  alcohol  in 
white  prisms,  melts  at  133 — 134°,  and  is  readily  taken  up  by 
the  usual  solvents  on  heating. 

Tetrabromohydrindone,  C9H4Br40,  is  prepared  by  adding 
chloroform  and  an  excess  of  bromine  to  dibromindone.  On 
evaporating  the  solution  it  crystallizes  in  colourless,  lustrous 
prisms,  which  melt  at  124°  with  decomposition.  Its  alcoholic 
solution  becomes  coloured  yellow  on  heating,  and  dibromindone 
is  again  formed  when  it  is  boiled.  If  however  it  be  added  to 
an  excess  of  caustic  soda  solution,  tribromovinylbenzoio  acid, 
CBr2  —  CBr.C6H4.C02H,  is  formed.  This  substance  crystallizes 
from  alcohol  in  lozenge-shaped  tablets  and  melts  at  196 — 198°. 

Dichlorodibromohydrindone,  CgH^C^BrgO,  has  been  obtained 
from  both  dichlorindone  and  dibromindone.  It  crystallizes  in 
white  prisms  and  is  converted  into  dichlorindone  by  sulphurous 
acid  or  boiling  alcohol. 

@-Methylhydrindone,  C10H]0O,  is  formed  when  a-methyl- 
hydrocinnamic  acid  is  brought  into  concentrated  sulphuric  acid 
heated  to  150°.  The  reddish-brown  solution  is  rapidly  cooled, 
poured  into  cold  water,  and  made  alkaline  with  caustic 
soda,  the  methylhydrindone  being  then  distilled  off  in  a 
current  of  steam.2 


/COOH  /COs 

C6H /  =  C6H  /         >CH.CH3  +  H.,0. 

XCH2— CH.2.CH3  XCH./ 


It  is  a  colourless  oil,  somewhat  heavier  than  water,  which  has 
a  strong  characteristic  odour  resembling  that  of  peppermint, 
and  boils  at  244 — 246°  at  a  pressure  of  719  mm.,  with  slight 
decomposition.  It  is  only  slightly  soluble  in  water  but  readily 
in  other  solvents.  Dilute  nitric  acid  converts  it  into  phthalic  acid. 

Its  phenylhydrasone  crystallizes  from  alcohol  in  yellowish 
plates,  melting  at  116°. 

A  series  of  other  substituted  hydrindones  has  been  prepared  in 

1  Zincke  and  Frohlich,  Ber.  20,  2053. 

2  Miller  and  Rohde,  Ber.  23,  1888. 
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a  similar  manner  from  the  corresponding  hydrocinnamic  acids  by 
the  same  chemists. 

/COv 
^-Chlorohydrmdone,  C1C6H/         ^CH2,     BoiIing_        Melt.Qg. 

^■H-2  point.  point. 

white  needles 274°  95° 

-CCK 


•m-Bromohydrindone,  BrCeH3^  /CH2, 


/ 

3\CH2 
white  needles —  122-123° 

/C0\ 
j?-Bromohydrindone,  BrC6H3<^  /CH2, 

white  microscopic  needles —  111-112° 

CO 
m-Methylhydrindone,  CH3.C6H  /        NciL, 

long  white  needles —  59° 

CO 
^-Methylhydrindone,  CH3.C6H  /        ^CH2, 

\CH/ 

white  needles —  63° 

m-Chloro-/3-methylhydrindone, 
/CO. 


4\CH9/ 


ClCjH^  \CHCH3,  colourless  oil  265-268° 


DIKETOHYDRINDENE  AND  ITS   DERIVATIVES. 

2557  Bihetohydrindene,  C9H602.  The  sodium  compound  of 
ethyl  diketohydrindenecarboxylate  is  prepared  by  heating  10 
grms.  of  ethyl  phthalate  and  2  grms.  of  sodium,  or  the  correspond- 
ing amount  of  sodium  ethylate,  on  the  water-bath,  and  gradually 
adding  7 — 10  grms.  of  ethyl  acetate.  The  reaction  is  probably 
expressed  by  the  following  equation  : 

/CO.OC2H5 
2CJEL<  +  2CH3.C02C2H6  +  6Na 

\CO.OC2H5 

/C0\ 

=  2C6H4<         >C(Na)C02C2H5  +  4NaOC2H5  +  3H2. 
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This  substance  crystallizes  from  water  in  slender,  yellow  needles. 
The  ester,  which  also  crystallizes  in  fine  yellow  needles,  is 
precipitated  by  the  addition  of  sulphuric  acid  to  the  aqueous 
solution  of  the  sodium  salt,  and  on  heating  with  an  alkali 
decomposes  into  diketohydrindene,  alcohol  and  carbon  dioxide, 
a  change  which  also  occurs  when  its  solution  in  ether  which 
contains  water  is  allowed  to  stand  : 

/C0\ 
C6H  4<        >CH.C02C2H5  +  H20 


/C0\ 
=  C6H  /       >CH2  +  C02  +  HO.C2H5. 

-CO' 


o •-„  y^xx2  -r  w2  -r  xJ.^.^2a_L5. 


It  is,  however,  best  to  heat  the  acidified  aqueous  solution  for 
half  an  hour  on  the  water-bath  and  filter  the  hot  liquid. 
Diketohydrindene  forms  colourless,  lustrous  needles,  which  melt 
with  decomposition  at  129 — 130°.  It  is  readily  soluble  in  hot 
alcohol  and  benzene,  less  readily  in  ether  and  hot  light  petroleum, 
and  is  only  very  slightly  soluble  in  water.  Dilute  alkalis 
dissolve  it  readily,  the  solutions  being  of  a  deep  yellow  colour. 

fiidiketo7iydrindene,ClsH.w03,  is  formed  when  diketohydrindene 
is  boiled  with  water.  It  crystallizes  in  difficultly-soluble,  yellow- 
ish rhombic  tablets,  which  melt  with  decomposition  at  206 — 208°. 
All  its  salts  are  coloured  deep  red  to  violet,  and  it  dyes  wool 
a  violet  red  in  a  faintly  acid  bath,  but  not  very  readily.  Its 
formation  is  probably  represented  by  the  following  equation  : 

/CO\  /CgH^ 

C6H4<         >CH„  +  C<X  >CO 


"6"4\jO/  \<3H 


2 


/CO\  /CgH^ 

=  C6H4<         >C=C<  >CO  +  H20. 

\f!fK  \  PITT./ 


C=N.NHC6H5 


DiketohydrindenephenylhydrazoneyGgH.^   /CH2  ,    is 

CO 

obtained  as  a  yellow  flocculent  precipitate  when  phenylhydrazine 
hydrochloride  is  added  to  a  solution  of  the  diketone  in  alcohol 
which  contains  a  little  water.    It  crystallizes  from  dilute  alcohol 
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in  yellow,  hair-like,  matted  needles,  melting  at  162—163°,  and 
yields  a  solution  in  concentrated  sulphuric  acid  which  is  coloured 
a  deep  bluish  green  by  ferric  chloride. 

Diketohydrindenediphenylhydrazone,  C7H6(C— N2H.C6H6)2,  is 
formed  when  the  diketone  is  heated  on  the  water-bath  with  the 
necessary  amount  of  phenylhydrazine.  It  crystallizes  from  alcohol 
in  matted,  light  flesh-coloured  needles,  melting  at  171°,  and 
its  solution  in  cold  sulphuric  acid  is  also  coloured  dark  bluish 
green  by  a  trace  of  ferric  chloride. 

Diketohydrindenedioxime,  C6H4(CH2)(C=N.OH)2,  is  formed 
when  a  solution  of  hydroxylamine  hydrochloride  is  added  to  a 
solution  of  diketohydrindene  in  carbonate  of  sodium.  It 
crystallizes  from  hot  dilute  alcohol  in  very  fine,  matted  needles, 
which  are  readily  soluble  in  alkalis. 

IsonitrosodiJcetohydrindene,  C6H4(CO)2.C— N.OH,  is  obtained 
by  the  addition  of  dilute  sulphuric  acid  to  a  solution  of  the 
diketone  and  sodium  nitrite  in  dilute  caustic  soda.  It  crystallizes 
from  glacial  acetic  acid  in  triangular  plates,  which  melt  with 
decomposition  at  197 — 198°  and  dissolve  in  alkalis,  forming 
solutions  of  a  delicate  pink  colour. 

Tri-isonitrosodiketohydrindene,  C6H4(C=N.OH)3,  is  the  pro- 
duct of  the  action  of  hydroxylamine  on  the  preceding  compound, 
and  is  a  crystalline  substance,  melting  at  197°  with  evolution 

of  gas.1 

Dichlorodiketohydrindene,  C9H4C1202,  is  formed  by  the  action 
of  chlorine  on  a  solution  of  chlorohydroxyindone  in  acetic  acid  : 

°'H<C(0°H/CC1  +  *•  "  °'H<C0>CCl!  +  H0L 

It  may  also  be  obtained  by  the  oxidation  of  dichloroketo- 
hydroxyhydrindic  acid,  a  substance  which  is  described  later  on.  In 
order  to  avoid  the  purification  of  this  substance  the  preparation 
is  most  conveniently  carried  out  by  dissolving  chlorohydroxy- 
naphthoquinone  in  sodium  carbonate  solution,  passing  in  chlorine 
until  the  liquid  becomes  colourless,  acidifying  with  acetic  acid 
and  filtering.  Hydrochloric  acid  is  then  added  to  the  filtrate 
and  this  heated  with  chromic  acid. 

Dichlorodiketohydrindene  crystallizes  from  dilute  alcohol  in 
small  lustrous  plates  and  from  a  mixture  of  ether  and  light  petro- 

1  Wislicenus,  Annalen,  246,  347  ;  Wislieenus  and  Kotzle,  AnnaUn,  252,  72. 
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leum  in  large,  thin  tablets,  the  corners  of  which  are  truncated ; 
it  melts  at  125°. 

When  it  is  dissolved  in  caustic  soda,  phthalic  acid  and 
dichloromethane  are  formed,  the  latter  of  which  is  converted 
by  the  alkali  into  formaldehyde,  so  that  the  solution  obtained 
reduces  ammoniacal  silver  nitrate  : 

.COx  .CO.ONa 

CJEL<         >CCL  +  4NaOH  =  C6H4<  +  2NaCl 

X!(K  XKXONa 

+  CH20  +  H20. 

Alcoholic  potash,   on  the  other  hand,  converts  it  into  dichlor- 
acetophenonecarboxylic  acid  : 


COx  /CO.CHCl2 

>CC12  +  HOK  =  C6H  / 
CCK  \CO.OK 


When  this  substance  is  dissolved  in  sodium  carbonate  and 
treated  with  chlorine,  trichloracetophenonecarboxylic  acid  is 
formed  (Pt.  V.,  p.  149).1 

Dibromodiketohydrindene,  C9H4Br202,  is  formed  by  the  action 
of  bromine  on  diketohydrindene  (Wislicenus)  or  on  bromo- 
hydroxyindone  (Roser  and  Haselhoff),  as  well  as  by  the 
oxidation  of  dibromoketohydroxyhydrindic  acid  (Zincke  and 
Gerland).  It  crystallizes  from  acetic  acid  in  thick  white  plates, 
which  melt  at  176°.  Dilute  alkalis  convert  it  into  bromohy- 
droxyindone,  phthalic  acid  and  bromoform,  the  reactions  which 
occur  being  represented  by  the  following  equations  : 

/CO  /-CO-. 

C6H  ,<  >CBr2  +  H20  =  C6H,<  >CBr  +  BrOH. 

XCO/  X!(OHr 

/COx  /CO.OH 

C6H 4<        >CBr2  +  2H20  =  C6H4<  +  CH2Br2. 

xCO/  \CO.OH 

CH2Br2  +  BrOH  =  CHBr8  +  H20. 

Chlorobromodiketohydrindene,  C9H4ClBr02,  is  obtained  by  the 
oxidation  of  chlorobromoketohydroxyhydrindic  acid  and  also  by 
the  action  of  chlorine  on  bromohydroxyindone  or  of  bromine  on 
chlorohydroxyindone.  It  crystallizes  from  alcohol  or  acetic 
acid  in  lustrous  plates,  melting   at  147°,  and  is  converted  by 

1  Zincke,  Ber.  21,  491  ;  Zincke  and  Gerland,  Bcr.  20,  3216  ;  21,  2379  and  2396. 
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alkalis  into  a  mixture  of  phthalic  acid,  dibromochloromethane 
and  chlorohydroxyindone. 

2558  ^-Methyldiketohydrindene,  C10H8O2,  is  prepared  from 
ethyl  phthalate  and  ethyl  propionate  and  has,  therefore,  the 
constitution : 

C6H4/        \CH.CH3. 

In  this  way  the  sodium  compound,  C6H4(CO)2CNa.CH3,  is 
obtained,  which  crystallizes  from  hot  water  in  small  garnet 
red  or  dark  red  prisms.  When  an  acid  is  added  to  its 
solution,  methyldiketohydrindene  separates  out  as  a  colourless 
oil,  which  soon  solidifies.  It  crystallizes  from  alcohol  in  small 
obtuse  pyramids,  and  from  light  petroleum  in  pointed  needles, 
which  melt  at  84 — 85°  and  form  red  solutions  in  the  alkalis.  It 
can  be  distilled  without  alteration,  no  condensation  product 
being  formed  as  is  the  case  with  diketohydrindene. 

Methyldiketohydrindenephenylhydrazone  forms  small  yellowish 
crystals  and  melts  at  142 — 162°. 

Methyldiketohydrindenedioxima  crystallizes  from  alcohol  in 
fine  needles  and  melts  at  116—117°  with  evolution  of  gas. 

Methylbromodiketohydrindene,  C6H4(CO)2CBr.CH3,  is  formed 
when  a  solution  of  methyldiketohydrindene  in  acetic  acid  is  heated 
with  bromine.  It  crystallizes  from  alcohol  in  small  white  needles, 
melts  at  90 — 91°  and  forms  yellowish  red  solutions  in  alkalis. 

Dimethyldiketohydrindene,  C6H4(CO)2C(CH3)2,  may  be  ob- 
tained by  heating  the  sodium  compound  of  methyldiketohy- 
drindene with  methyl  alcohol  and  methyl  iodide  to  100°.  It 
crystallizes  from  alcohol  in  small  white  needles,  melts  at 
107 — 108°,  and  boils  almost  without  decomposition  at  250°. 
It  has  no  acid  properties,  both  the  hydrogen  atoms  of  the 
methylene  group  having  been  replaced  by  methyl.  The 
diphenylhydrazone  forms  thin,  yellowish  prisms,  melting  at 
184— 1870.1 

Benzidenediketohydrindene,  C16HI0O2,  is  prepared  by  heating 
together  molecular  proportions  of  benzaldehyde  and  diketo- 
hydrindene : 

/C0\  /C0\ 

C6H4<        >CH2  +  OHC.C6H5  =  C6H /       >C=CH.C6H5. 

1  Wislicemis  and  KStzle,  Annalen,  252,  80. 
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It  separates  from  alcohol  in  yellowish,  lancet-shaped  crystals, 
which  melt  at  150 — 151°.  On  heating  with  alkalis  it  is 
decomposed  into  its  constituents. 

Dichloroketohydroxyhydrindic  acid,  C10H6Cl2O4.  Zincke  ob- 
tained this  acid  by  the  action  of  sodium  carbonate  solution  on 
tetrachlorodiketohydronaphthalene  : 

H(X        xC02H 
CO— CO  >C< 

C6H4<  |         +  2H90  =  C6H4<     >CC12       +  2HC1. 

\cci2-cci2  \£ 

It  may  also  be  prepared  from  dichlorotriketohydronaphthalene, 
which  need  not  be  isolated,  by  simply  passing  chlorine  into  an 
alkaline  solution  of  chlorohydroxynaphthoquinone  ;  the  triketone 
is  thus  formed  and  is  converted  into  the  acid  by  the  alkali 
present : 


/CO— C.OH  /CO— CO 

C6H /  ||  +  ClOH  =  C6H4<  |  +  H20 

\C0— CC1  \C0— CCL 


x2 


HOv      /CO.OH 

=  C6H  /  \CC12 
CO 

It  crystallizes  from  hot  water  in  small  prisms  or  thick  needles, 
and  from  hot  hydrochloric  acid  in  long,  almost  rectangular 
prisms,  while  it  separates  from  a  mixture  of  ether  and  light 
petroleum  in  lustrous  monosymmetric  prisms.  All  these 
crystals  contain  a  molecule  of  water  which  can  be  removed  by 
careful  heating,  but  is  very  readily  re-absorbed.  As  already 
mentioned,  the  acid  is  easily  oxidized  to  dichlorodiketohydrin- 
dene  : 


HOv      /C02H 

C6H Y  \CC12      +  O  =  C6H  /      \CC12  +  C02  +  H20 
CO  C0 


Its  methyl  ester,  C9H4C120(0H)C02.CH3,  forms  large,  lustrous, 
transparent  monosymmetric  crystals,  which  melt  at  121 — 122°, 


CHLOROBEOMOKETOHYDROXYHYDRINDIC  ACID         21 

and  its  acetyl  compound,  C9H4Cl20(OC2H30)C02H,  crystallizes 
in  small  prisms,  melting  at  1260.1 

DibromoJeetohydroxyhydrindic  acid,  C10H6Br2O4,  has  been  ob- 
tained from  bromohydroxynaphthoquinone,  and  crystallizes  in 
needles  or  large  monosymmetric  prisms  containing  water  of 
crystallization,  which  become  anhydrous  at  130°  and  melt  at 
about  170°.  Its  methyl  ester  resembles  the  corresponding 
chlorine  compound,  and  melts  at  137°. 

Chlorobromoketohydroxyhydrindic  acid,  C10H6ClBrO,p  is  formed 
by  the  action  of  bromine  on  an  alkaline  solution  of  chloro- 
hydroxynaphthoquinone  and  by  that  of  chlorine  on  the  cor- 
responding bromine  compound ;  it  forms  crystals  which  are 
similar  to  those  of  the  preceding  compound  and  also  lose  a 
molecule  of  water  on  heating.  The  anhydrous  acid  separates 
from  a  mixture  of  ether  and  light  petroleum  in  crystals,  which 
melt  at  190°.     The  methyl  ester  melts  at  134 — 135°. 

1  Zincke,  Ber.  21,  491  ;  Zincke  and  Garland,  Ber.  21,  2379. 
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THE  NAPHTHALENE  GKOUP 
Naphthalene,  C10H8. 

2559  On  December  loth,  1819,  A.  Garden  sent  to  T.  Thomson 
a  short  account  of  a  peculiar  crystalline  substance  which  had 
been  formed  in  the  distillation  of  coal-tar  and  which  appeared 
to  be  a  kind  of  camphor.1  Thomson  ascertained  that  it  was 
a  hydrocarbon,  and  concluded  from  the  results  of  his  analyses 
that  it  consisted  of  three  atoms  of  carbon  and  two  atoms  of 
hydrogen  or  of  one  atom  of  defiant  gas  and  one  atom  of 
carbon.2  J.  Kidd  then  obtained  the  same  substance  by  passing 
the  vapours  of  coal-tar  through  a  red-hot  tube  and  gave  it  the 
name  of  naphthalene,3  soon  after  which  Chamberlain  showed 
that  it  could  be  obtained  in  large  quantity  by  simply  distilling 
the  tar,  the  naphthalene  being  found  in  that  portion  of  the 
distillate  which  comes  over  towards  the  end  of  the  operation.4 
Its  correct  composition  was  first  determined  by  Faraday,5  and 
although  at  first  doubted,  was  eventually  confirmed.  Dumas 
assumed  that  the  naphthalene  existed  as  such  in  the  coal,  but 
Reichenbach  showed  that  this  idea  was  not  accurate,  but  that 
the  naphthalene  is  a  product  formed  by  the  dry  distillation.6 
Faraday,  Berzelius,  and  more  especially  Laurent,  were  the  next 
to  turn  their  attention  to  this  substance.  The  last  named  found 
that  it  unites  with  chlorine  to  form  a  tetrachloride,  C10H8C14, 
which  on  oxidation  yields  dibasic  phthalic  acid,  C8H604,  a  fact 
which  led  Marignac  to  assume  that  naphthalene  is  a  compound 
of  two  hydrocarbons,7  C8H4  +  C2H4.  This  chemist  subsequently 
showed  that  phthalic  acid  on  heating  with  lime  decomposes  into 
carbon  dioxide  and  benzene,  from  which  it  follows  that  naphtha- 

1  Thomson's  Ann.  Phil.  15,  74.  '  Ann.  Phil.  16    85. 

3  Phil.  Trans.  1821,  209.  *  Ann.  Phil.  II.'  6,  135. 

6  Phil.  Trans.  1826,  H.  140.  »  Pogg.  Ann.  28,  484. 

7  Annalen,  38,  18. 
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lene  is  derived  from  the  latter  by  the  substitution  of  two 
hydrogen  atoms  by  the  divalent  group,  C4H4. 

Erlenmeyer  then  proposed  the  following  formula : 

CH  CH 

HC     C     CH 

I       II      1 
HC     C     CH 

CH  CH 

According  to  this  it  consists  of  two  aromatic  nuclei,  which 
have  two  carbon  atoms  in  common.1  The  accuracy  of  this  view 
was  experimentally  proved  by  Grabe,  who  showed  that  phthalic 
acid  can  be  obtained  by  the  destruction  of  either  of  the  two 
nuclei.  This  cannot  be  ascertained  in  the  case  of  the  hydro- 
carbon itself,  since  there  is  no  way  of  distinguishing  between  the 
two  nuclei.  One  of  them  must  therefore  first  be  marked  by 
replacing  one  or  more  hydrogen  atoms  by  other  elements  or 
radicals,  and  it  then  becomes  possible  to  ascertain  which  nucleus 
has  been  destroyed  by  oxidation.  Grabe  actually  found  that 
dichloronaphthoquinone,  C10H4Cl2O2,  is  converted  by  oxidation 
into  phthalic  acid,  so  that  its  formula  may  be  written  C6H4. 
C4C1202.  Phosphorus  pentachloride  converts  the  dichloro- 
compound  into  pentachloronaphthalene  : 

C10H4Cl2O2  +  2PC15  =  C10H3C16  +  2P0C13  +  HC1. 

This  substance  is  converted  on  oxidation  into  tetrachlorophthalic 
acid,  so  that  its  formula  can  be  written  C4H3C1.C6C14,  and  from 
these  facts  it  follows  that  naphthalene  must  have  the  sym- 
metrical constitution  assigned  to  it  by  Erlenmeyer.2 

In  addition  to  this  proof  several  others  have  been  brought 
forward. 

When  the  tetrachloride,  C10HgCl4,  which  we  have  already 
mentioned  and  which  is  converted  by  oxidation  into  phthalic 
acid,3  is  heated,  it  decomposes  into  hydrochloric  acid  and  two 
dichloronaphthalenes,  one  of  which  is  oxidized  to  dichloro- 
phthalic  acid,4  which  has  also  been  obtained  from  monochloro- 
naphthalene     tetrachloride,6    C10H7C1.C14,    while     monochloro- 

1  Annalen,  137,  346.  2  Annalen,  149,  20. 

3  Laurent,  Ann.  Chim.  Phys.  61,  113.  4  Atterberg,  Bcr.  9,  547. 

s  J.  and  E.  DepouiUy,  Bull.  Soc.  Chim.  4,  10 ;  Widman,  ibid.  28,  505. 
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naphthalene  itself  is  converted  by  nitric  acid  into  chloronitro- 
phthalic  acid  (Atterberg).  When  monochloronaphthalene 
tetrachloride  is  heated  with  alcoholic  caustic  potash,  trichloro- 
naphthalene,  C10H5C13,  is  obtained,  and  on  oxidation  yields 
trichlorophthalic  acid  (Widman). 

Mononitronaphthalene,  C10H7NO2,  is  oxidized  by  chromic 
acid  to  mononitrophthalic  acid.1  The  same  nitro-compound  is 
converted  by  reduction  into  amidonaphthalene,  C10H7.NH2, 
which  is  oxidized  by  potassium  permanganate  or  chromic  acid 
to  phthalic  acid  and  not  to  amidophthalic  acid.2 

Amidonaphthalene  can  also  be  readily  converted  into  dinitro- 
naphthol,  which  also  yields  phthalic  acid  on  oxidation. 

2560  Erlenmeyer's  formula,  moreover,  explains  the  fact  that 
naphthalene  differs  from  benzene,  inasmuch  as  it  yields  two 
isomeric  mono-substitution  products,  which  are  distinguished 
as  a  and  /S.3 

1'       1 


The  a-compounds  on  oxidation  yield  naphthoquinone,  C10H6O2, 
which  so  closely  resembles  benzo-quinone  that  an  analogous 
constitution  was  assigned  to  it  and  the  oxygen  atoms  assumed 
to  occupy  the  position  1  :  4.  The  discovery  of  a  second  naphtho- 
quinone, however,  rendered  this  conclusion  somewhat  doubtful 
until  its  accuracy  was  fully  proved  by  the  following  observations. 
Phthalic  acid  yields  two  isomeric  nitrophthalic  acids  of  known 
constitution  : 

NO, 


NO, 


— C02H 
— CO„H 


— C02H 
-C02H 


The  latter  of  these  is,  however,  also  formed  by  the  oxidation  of 
a-nitronaphthalene  and  the  a-position  must  therefore  be  next  to 
a  carbon  atom  which  is  common   to   both   nuclei.     This    also 

1  Beilstein  and  Kurbatow,  Ber.  12,  688. 

2  Keverdin  and  NSlting,  Constitution  des  Kaphthalins.     Genf,   1880  ;  Constitu- 
tion de  la  Naphllialine,  Mulhouse,  1888.  3  Merz,  Zeitsch.  Chem.  1868    394. 
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follows  from  the  synthetical  formation  of  a-naphthol  by  heatino- 
phenylisocrotonic  acid  : * 

OH  OH 

I  I 

CH  CO  CH  C 

S\    \  S\/\ 

HO      CHCH2  HC      C     CH 

I        II       I  =        'I       II      I      +H20. 

HC      C     CH  HC      C     CH 

CH  CH  CH  CH 

It  follows  from  the  formula  given  ahove  that  the  a-  and  /im- 
positions each  occur  four  times.  Atterberg  proved  this  for  the 
a-position  after  Liebermann  had  showed  that  it  occurs  twice. 
a-Nitronaphthalene,  C10H7.NO2,  is  converted  by  reduction  into 
a-amidonaphthalene,  CmHy.NHj,  which  can  readily  be  converted 
into  a-amidonitronaphthalene,  C10H6(NO2)NH2.  When  the 
amido-group  of  this  compound  is  replaced  by  hydrogen,  the  pro- 
duct is  the  original  a-nitronapthalene.  Moreover,  the  a-amido- 
nitronaphthalene can  easily  be  converted  into  a-naphthoquinone, 
which  on  oxidation  yields  phthalic  acid,  thus  proving  that  both 
the  substituent  groups  are  situated  in  the  same  nucleus.2  If, 
however,  the  amido-group  of  amidonitronaphthalene  be  replaced 
by  chlorine,  a-chloronitronaphthalene,  C10H6Cl(NO2),  is  formed, 
which  is  converted  by  phosphorus  pentachloride  into  dichloro- 
naphthalene,  C10H6C12.  A  substance  which  is  isomeric  with  this  is 
obtained  in  a  similar  manner  from  a-nitronaphthalenesulphonic 
acid,  C10H6(NO2)SO3H.  The  latter,  however,  is  formed  both  by 
the  action  of  sulphuric  acid  on  a-nitronaphthalene  and  of  nitric 
acid  on  a-naphthalenesulphonic  acid.  The  two  substituent 
groups  and  therefore  the  two  chlorine  atoms  in  the  dichloro- 
naphthalene  which  is  derived  from  it  are  consequently  both  in 
the  a-position.  This  is  also  the  case  in  a  third  dichloronaphtha- 
lene,  obtained  by  the  action  of  chlorine  on  a-nitronaphthalene, 
for  if  another  atom  of  hydrogen  be  replaced  by  chlorine  in  each 
of  these  three  dichloro-compounds,  one  and  the  same  trichloro- 
naphthalene  is  obtained.  This  proves  the  proposition  that  the 
a-position  occurs  four  times,  Liebermann's  experiments  showing 
that  it  is  found  twice  in  one  nucleus,  and  Atterberg's  that  it 
also  occurs  twice  in  the  other  : 3 

1  Fittig  and  Erdmann,  Annalen,  227,  245.     "  Liebermann,  Annalcn,  183,  235. 
3  Atterberg,  Ber.  9,  1734;  10,  547. 
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CI 
CI 


CI 


CI 

CI    CI 


CI    CI 


I 


CI    CI 


CI     CI 


CI 


Naphthalene  yields  a-compounds  when  treated  with  chlorine, 
bromine,  or  nitric  acid,  whilst  both  the  a-  and  /3-monosulphonic 
acids,  as  was  found  by  Faraday,  are  formed  by  the  action  of 
sulphuric  acid.  The  substitution  products  of  naphthalene  are 
naturally  much  more  numerous  than  those  of  benzene.  If  two 
hydrogen  atoms  are  replaced  by  the  same  element  or  radical, 
ten  isomerides  are  possible  : 


1  :4 
1  :1' 

1  :2' 


2:3 

2:2' 
2  :3' 


To  express  these  relations  three  plans  have  been  proposed,  which 
are  exemplified  in  the  above  figures.  When  the  Greek  letters 
are  employed,  these  are  written  close  together  when  the  two 
substituents  are  both  in  the  same  nucleus,  and  separated  by  a 
hyphen  or  sometimes  by  a  double  line  when  they  are  in  different 
nuclei.  The  dichloronaphthalenes  mentioned  above  would 
therefore  be  a^ ;  a—a^  (or  ax— a2),  ai—av  As  this  method 
is  very  likely  to  cause  mistakes  both  in  writing  and  printing,  it 
is  better  to  make  use  of  numbers.  The  plan  shown  in  Fio-.  B 
is  that  adopted  by  the  English  chemists,  while  that  shown  in 
Fig.  C  is  frequently  employed  on  the  Continent. 

In  order  to  determine  the  constitution  of  the  di-substitution 
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products,  Erdmann  has  employed  the  following  method.1  In 
the  naphthylaminesulphonic  acids,  C10H6(NH2)SO3H,  either  the 
amido-  or  the  sulphonic-group  is  replaced  by  hydrogen,  the  pro- 
ducts thus  obtained  being  either  a-  or  /3-naphthylamine  or  a-  or 
/3-naphthalenesulphonic  acid.  The  naphthalenesulphonic  acids 
are  converted  into  dichloronaphthalenes,  naphtholsulphonic  acids, 
dihydroxynaphthalenes,  &c. ;  the  oxidation  of  the  dichloro- 
naphthalenes, &c,  to  phthalic  acid  or  a  substituted  phthalic 
acid,  decides  whether  the  two  substituents  are  in  the  same  nucleus 
(homonucleal)  or  in  different  nuclei  (heteronucleal).  To  deter- 
mine the  constitution  of  the  heteronucleal  di-substitution 
derivatives,  Armstrong  and  Wynne  start  with  a-chloro-/3- 
naphthylamine, which  is  converted  by  sulphonation  into  a  mixture 
of  chloronaphthlaminesulphonic  acids.2  These  can  be  converted 
into  dichloronaphthalenes  by  two  methods  ;  either  by  reducing 
the  substance  and  thus  replacing  the  chlorine  by  hydrogen  and 
then  converting  the  resulting  /3-naphthylaminesulphonic  acid 
into  a  dichloro-compound  by  means  of  the  diazo-reaction  followed 
by  treatment  with  phosphorus  pentachloride,  or  by  first  re- 
placing the  amido-group  by  hydrogen  and  then  treating  the 
chloronaphthalenesulphonic  acid  thus  obtained  with  phosphorus 
pentachloride.  They  have  thus  succeeded  in  connecting  the 
chloronaphthylaminesulphonic  acids  with  compounds  of  known 
constitution,  and  in  establishing  the  constitutional  formulae  both 
of  the  acids  themselves  and  of  numerous  di-  and  tri-substitution 
products  which  are  derived  from  them. 

Another  method  for  the  determination  of  the  constitution  of 
the  di-substitution  products  of  naphthalene  is  their  synthesis 
from  benzene  derivatives  of  known  constitution.  Phenylpara- 
conic  acid,  for  example,  yields  a-naphthol  on  distillation,  and 
the  chlorophenylparaconic  acids  in  the  same  manner  yield 
chlorinated  a-naphthols  of  known  constitution.3 


CCl  ( 

^\/ 

HC     C 

1     11  c 

HC     CH 

\/ 
CH    ( 

JH 

CH.CO„H 

>    1 
CH2 

/ 

JO 

CCl  CH 

*\/X 

HC      C     CH 

|       II       |          +C02  +  H20 
HC      C     CH 

CH  C.OH. 

o-CMoroparaconic  Acid. 

1  :  4'  CMorohydroxynaphthalene. 

1  Annalen 

247,  306. 

! 

2  Proc.  Chem.  Soc.  1889,  PP-  3*.  48- 
Annalen,  247,  366. 
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An  important  factor  in  all  these  conclusions  is  the  supposition 
that  no  intermolecular  changes  take  place  in  the  reactions 
employed.  Erdmann  has  carefully  investigated  this  question, 
and  has  found  that  the  di-substitution  products  of  naphthalene 
are  very  stable  and  show  no  tendency  to  isomeric  change. 

Five  naphtholsulphonic  acids,  or  the  corresponding  naphtha- 
lenedisulphonic  acids,  for  example,  are  converted  by  fusion  -with 
caustic  potash  into  five  different  dihydroxynaphthalenes,  while 
the  three  phenolsulphonic  acids,  on  the  other  hand,  are  thereby 
converted  into  the  same  dihydroxybenzene  (resorcinol).  More- 
over the  dihydroxynaphthalenes  are  converted  into  five  different 
diamidonaphthalenes  by  heating  with  ammonia. 

The  sulphonic  acids  of  naphthalene,  of  the  naphthols  and  of 
the  naphthylamines  appear  to  form  an  exception,  as  they  are  con- 
verted into  isomerides  when  heated  with  sulphuric  acid,  water 
being  probably  taken  up,  the  sulpho-group  split  off,  and  fresh 
sulphonation  then  taking  place.1  A  similar  tendency  to  isomeric 
change  has  been  observed  in  the  sulphonic  acids  of  the  halogen- 
substituted  naphthalenes.2 

In  the  replacement  of  the  sulphonic  acid  group  by  chlorine 
by  means  of  phosphorus  pentachloride,  however,  no  such 
isomeric  change  appears  to  occur,  even  in  the  apparently 
somewhat  violent  reaction  in  which  the  nitroxyl  group  is  also 
replaced  by  chlorine.  This  is  shown  by  the  fact  that  the  nitro- 
naphthalenesulphonic  acids  yield  the  same  dichloronaphthalenes 
as  are  obtained  from  the  corresponding  diamidonaphthalenes  by 
converting  these  into  diazo-compounds  and  decomposing  the 
latter  by  a  boiling  solution  of  cuprous  chloride  in  hydrochloric 
acid.  It  follows,  therefore,  that  the  reactions  carried  out  by 
Atterberg  (p.  25),  yield  correct  results,  and  that  the  method 
adopted  by  Armstrong  and  Wynne  is  also  reliable.  The  results 
obtained  by  Erdmann's  synthetical  methods  are,  moreover,  in 
perfect  agreement  with  those  obtained  by  the  last-named 
chemists. 

Substitution  products  which  contain  the  substituents  in  the 
position  1  :  1'  —  4  :  4'  show  a  very  characteristic  behaviour, 
and  in  many  respects  are  very  similar  to  ortho-compounds. 
Bamberger  and  Philip  have  therefore  proposed  to  give  the  prefix 
"  peri  "  {irepi,  round  about)  to  such  substances.3 

1  Weinberg,  Ber.  20,  3354. 

2  Armstrong  and  "Wynne,  Proc.  Chan.  Soc.  1889,  119,  &c. 

3  Ber.  20,  237. 
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When  more  than  two  atoms  of  hydrogen  are  replaced  in 
naphthalene  by  the  same  element  or  radical,  the  following 
cases  of  isomerism  are  possible  : 

Triderivatives 14 

Tetraderivatives 22 

Pentaderivatives 14 

Hexderivatives 10 

Heptaderivatives 2 

Octoderivative 1 

2561  Bamberger 1  has  been  led  by  the  study  of  the  reduction 
products  of  naphthalene  and  its  derivatives  to  propose  a  formula 
for  this  hydrocarbon,  which  differs  from  that  of  Erlenmeyer  in 
the  same  way  as  the  centric  formula  for  benzene  differs  from 
that  of  Kekule  (Part  III.,  p.  67). 


W 


Naphthalene. 


V 


Benzene. 


He  has  found  that  the  tetrahydro-derivatives  of  naphthalene, 
in  which  the  four  hydrogen  atoms  have  been  added  to  the  same 
nucleus,  behave  as  true  benzene  substitution  products,  whereas 
the  unreduced  naphthalene  compounds,  although  they  behave 
in  a  general  way  like  those  derived  from  benzene,  yet  differ 
from  the  latter  in  many  important  respects. 

He  therefore  assumes  that  naphthalene  consists  of  two  similar 
nuclei,  neither  of  which  is  a  benzene  nucleus,  and  that  when 
four  atoms  of  hydrogen  are  added  to  one  of  these  the  other 
becomes  a  true  benzene  nucleus.  The  reduction  of  a-naphthol, 
for  example,  is  represented  by  the  following  equation  : 


HC      C.OH 
HCK^CH 


HC 


H2G      C.OH 
H,C|/N9^>CH 


VcV 

HC      CH 


+  4H  - 
CH 


H2C 


VcV 


m 


h2c 


CH 


2562  Naphthalene  is  frequently  found  among  the  products  of 
the  decomposition  of  organic  substances  by  heat.     It  was  even 
1  Annalen,  257,  1  \  Ber.  23,  1124. 
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observed  by  Reichenbach  that  it  is  formed  when  the  vapour 
of  alcohol  is  passed  through  a  red-hot  tube,  and  it  is  obtained  in 
the  same  way  from  ether,  acetic  acid,  ethereal  oils,  camphor,  &C.,1 
as  well  as  from  ethylene,  acetylene,  toluene,  and  especially  from 
a  mixture  of  benzene  and  acetylene.2  When  the  vapour  of 
wood-tar  is  passed  through  an  iron  tube  filled  with  coke  and 
heated  to  a  bright  red  heat,  a  product  resembling  coal-tar  is 
formed,  which  in  addition  to  benzene  hydrocarbons  contains 
much  naphthalene.3  The  same  compounds  are  formed  when 
the  residues  obtained  from  the  distillation  of  Baku  petroleum 
are  employed.*  Naphthalene  is  also  found  in  wood-tar,  in 
bone-oil  and  in  rock-oil  from  Rangoon.5 

Aronheim  obtained  it  synthetically  by  passing  the  vapour  of 
phenyl-/3-butylene  bromide  over  red-hot  lime  : 6 

C6H5.C,H7Br2  =  C6H4.C4H4  +  2HBr  +  H2. 

It  has  been  obtained  in  a  similar  manner  from  phenyl-a-butylene 
bromide,7  and  is  also  formed  when  the  vapour  of  isobutylbenzene 
is  passed  over  heated  oxide  of  lead  8  and  when  equal  molecules  of 
dimethylaniline  and  bromine  are  heated  together  to  120°.9  The 
following  synthesis,  carried  out  by  Baeyer  and  Perkin,  is  of 
theoretical  interest  on  account  of  the  ease  with  which  the 
reactions  proceed.10  When  o-xylylene  bromide  is  heated  with 
the  sodium  compound  of  ethyl  acetylenetetracarboxylate,  the 
ethyl  ester  of  tetrahydronaphthalenetetracarboxylic  acid  is 
formed  : 

.CH.Br  NaC(C02C2H5)2 

C6H4<  +  |  =  2NaBr 

XCH2Br  NaC(C02C2H6)2 

\CH-C(C02C2H6)2 

1  Berthelot,  Jahresb.  Chem.  1851,  437,  504. 

2  Berthelot,  Hull.  Soc.  Chim.  7,  218,  278  and  306. 

3  Atterberg,  Ber.  U,  1222. 

4  Letux,  Ber.  U,  1210. 

5  "Warren  and  Storer,  Zeitsch.  Clum.  1868   232. 

6  Annalen,  171,  233. 

7  Eadziszewski,  Ber.  9,  260. 

3  Wreden  and  Znatowiez,  Ber.  9,  1606. 
9  Brauner  and  Brandenburg,  Ber.  U   697. 
10  Ber.  17,  448. 
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This  is  converted  by  saponification  into  tetrahydronaphthalene- 
dicarboxylic  acid,  and  the  silver  salt  of  the  latter  decomposes  on 
heating  into  the  anhydride  and  naphthalene  : 

/CH  —  CH.CO.OAg  /CH=CH 

2C6H/  I  =     C6H4<  | 

XCH2— CH.CO.OAg  \CH=CH 

.CH—  CH.COv 
+  C6H4<  |  >0  +  2C02  +  4Ag  +  H20. 

\CH— CHCO/ 

A  considerable  amount  of  naphthalene  is  also  formed  when 
the  vapour  of  the  anhydride  is  passed  through  a  red-hot  tube. 
Pechmann  1  has  also  succeeded  in  obtaining  naphthalene  by  a 
different  method.  Dihydronaphthoic  acid  is  formed  by  the 
action  of  sulphuric  acid  on  ethyl  benzylacetacetate  : 

/CH—  CH— CO.OC2H5 
C6H6<  | 

XCH3— CO 

/CH—  CH— CO.OH 
=  C6H4<  |  +  HO.C2H5. 

\CH—  CH 

This  substance  is  converted  by  loss  of  carbon  dioxide  into 
dihydronaphthalene,  which  can  be  readily  converted  by  the 
elimination  of  hydrogen  into  naphthalene. 

Naphthalene  is  obtained  on  the  large  scale  from  the  fraction 
of  coal  tar  which  boils  between  180 — 250°,  and  which  partially 
solidifies  on  cooling  and  standing,  owing  to  the  crystallization 
of  naphthalene.  It  is  then  treated  with  caustic  soda  solution 
to  remove  phenol,  and  again  distilled ;  the  distillate  thus 
obtained  solidifies  to  a  crystalline  mass  which  is  separated 
from  adhering  oils  by  the  filter-press.  The  crude  naphthalene 
still  contains  quinoline  bases  and  it  is  therefore  successively 
washed  with  dilute  sulphuric  acid,  water  and  caustic  soda  solu- 
tion, after  which  it  is  again  distilled  or  sublimed  by  means  of 
superheated  steam. 

The  product  still  contains  impurities  which  cause  it  to  turn 
red  in  the  air.  To  remove  these  it  may  be  heated  with  a  little 
sulphuric  acid  to  185°,  and  distilled  in  steam,  this  treatment 

1  Ber.  16,  516. 
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being  repeated  until  a  sample  dissolves  in  sulphuric  acid  without 
colouration.1  The  admixed  substances  may  also  be  removed  by 
heating  it  with  sulphuric  acid  and  a  little  manganese  dioxide.2 
In  this  process,  however,  a  large  amount  of  sulphur  dioxide  is 
evolved  and  a  considerable  loss  of  naphthalene  is  experienced. 
A  pure  product  can  easily  be  prepared  by  boiling  crude  naphtha- 
lene with  0'5 — 2  per  cent,  of  sulphur,  according  to  the  purity  of 
the  sample ;  the  impurities  are  thus  converted  into  substances 
of  high  boiling  point  and  can  then  be  easily  separated.  A  little 
sulphuretted  hydrogen  is  evolved  during  the  reaction,  which  is 
absorbed  in  caustic  soda  solution  or  milk  of  lime.3 

2563  Properties.  Naphthalene  crystallizes  in  plates  or  mono- 
symmetric  tablets,  and  has  a  characteristic,  unpleasant  smell 
and  a  burning  taste.  It  melts  at  79'2°,  boils  at  218°,  and  readily 
sublimes  below  this  temperature,  condensing  in  such  a  voluminous 
mass  when  the  sublimation  is  slowly  carried  out  that  0'25 
grammes  of  it  are  sufficient  to  fill  a  litre  flask.4  Its  specific 
gravity  compared  with  water  at  4°  is  : 

At     4°  80°  98° 

1-145  0-9777  0-9621 

One  hundred  parts  of  absolute  alcohol  dissolve  5-29  parts  at  15°, 
whilst  100  parts  of  toluene  dissolve  31'94  parts  at  lG'S",  and  the 
two  substances  are  miscible  in  all  proportions  at  the  boiling 
point ;  it  is  also  readily  soluble  in  ether  and  benzene,  but  only 
slightly  in  light  petroleum.  In  the  liquid  state  it  dissolves 
indigo,  sulphur,  phosphorus  and  other  substances. 

A  characteristic  property  of  naphthalene  is  the  formation  of 
the  compound  3SbCl3  +  2C10H8  when  it  is  fused  with  antimony 
trichloride  ; 6  this  substance  crystallizes  in  deliquescent  mono, 
symmetric  tablets.  If  the  naphthalene  contains  the  least  trace 
of  impurity  the  fused  mass  becomes  coloured  carmine  red.8 
When  pure  naphthalene  is  dissolved  in  chloroform  and  the 
solution  heated  with  anhydrous  aluminium  chloride,  a  deep 
greenish  blue  colouration  is  produced,  and  the  liquid  then 
solidifies  to  a  brown  mass.7 

1  Stenhouse  and  Groves,  Ber.  9,  683.  2  Lunge,  Ber.  14   1755. 

3  Dehnst,  Ber.  22,  362  c. 

4  Handworterbuch,  1st  Edition,  5    432.  " 

5  Watson  Sm''th  and  Davis,  Journ.  Clicm.  Soc.  1882,  1   411. 

6  Smith,  Ber.  12,  142.  7  Schwarz,  Ber.  14,  1532. 
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Naphthalene  is  technically  employed  for  the  manufacture  of 
phthalic  acid  and  colouring  matters,  and  is  also  used  for 
carburetting  water-gas,  which  is  manufactured  by  passing 
steam  over  red-hot  coke,  and  is  then  passed  over  melted 
naphthalene,  which  imparts  illuminating  power  to  the  flame. 

Naphthalene  is  a  powerful  antiseptic  and  is  used  for  pre- 
venting mould,  and  also,  as  it  is  fatal  to  the  lower  animals,  for 
driving  away  moths  and  phylloxera  and  to  protect  specimens  of 
butterflies.  It  is  also  employed  as  a  dressing  for  wounds,  and  a 
mixture  of  equal  parts  of  naphthalene  and  vaseline  is  used  as 
a  remedy  for  the  itch. 

In  1857  Fritsche  found  that  naphthalene  combines  with  picric 
acid,  yielding  a  substance  of  the  formula  C10H8  +  C6H3(N02)30, 
which  crystallizes  from  ether  in  golden-yellow  needles  or  mono- 
symmetric  prisms,  melting  at  149°  and  only  slowly  decomposed 
by  boiling  water.1  It  has  since  then  been  found  that  it  also 
combines  with  the  following  nitro-derivatives  : 2 


m-Dinitrobenzene,  thick  prismatic  needles    . 
jj-Dinitrobenzene,  long,  fine,  white  needles    . 
Trinitrobenzene,  very  long,  fine,  white  needles 
m-Dinitrotoluene,  thick  prismatic  needles 

a-Trinitrotoluene,  needles 

/3-Trinitrotoluene,  yellowish-white  needles    . 
7-Trinitrotoluene,  fine,  yellowish-white  needles 
Trinitro-aniline,  thick  orange-yellow  prisms 
m-Dinitrophenol,  yellow  needles     .    .    . 
/3-Trinitrophenol,  yellow  needles    .    .    . 
7-Trinitrophenol,  golden-yellow  needles 
Trinitro-o-cresol,  small  yellowish  needles 
Trinitro-m-cresol,  lemon-yellow  needles 


Melting-point. 

52—53° 
118—119° 

152° 
60—61° 
97—98° 

100° 

98—99° 

168—169° 

213° 

72—73° 

100° 

106° 

126—127° 


1  Jahresb.  Chan.  1857,  456  ;  Bodewig,  Jahresb.  Chem.  1879,  376. 

2  Hepp,  Annalen,  215,  357  ;  Henriques,  Annalen,  215,  321  ;  Graner,  Zeitseh. 
Chem.  1868,  213  ;  Liebermann  and  Palm,  Ber.  8,  377  ;  Wfflgerodt,  Ber.  11, 
601  ;  Nbltingand  Salis,  Ber.  15,  1858  ;  Nblting  and  Collin,  Ber.  17,  268. 
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ADDITION  PRODUCTS  OF  NAPHTHALENE. 

The  Hydronaphthalenes. 

2564  Dihydronaphthalene,  C10H10,  occurs,  according  to  Berthe- 
lot,  in  coal-tar,  and  is  formed  when  naphthalene  is  heated  to 
280°  with  hydriodic  acid.  It  is  probably  formed  in  this  reaction 
by  the  action  of  the  liberated  iodine  on  the  higher  reduction 
products  which  are  first  formed.1  Grabe  and  Guye  obtained 
dihydronaphthalene  by  adding  rather  more  than  a  molecule 
of  bromine  to  one  molecule  of  tetrahydronaphthalene  dissolved 
in  carbon  disulphide  and  treating  the  product  with  alcoholic 
potash.2  It  may  also  be  prepared  by  treating  an  alcoholic 
solution  of  naphthalene  with  sodium,  and  is  obtained,  together 
with  tetrahydro-a-naphthomethylamine,  C10HU.CH2.NH2,  from 
a-naphthonitrile  : 3 

CJ3j.CN  +  4H  =  C10H10  +  HCN. 

It  is  a  liquid,  which  has  a  faint  odour  of  naphthalene,  boils 
at  212°,  and  on  cooling  solidifies  in  large  tablets,  which  have 
a  vitreous  lustre  and  melt  at  15  5°.  At  a  red  heat  it  decom- 
poses into  hydrogen  and  naphthalene  ;  it  combines  with  bromine 
to  form  dihydronaphthalene  dibromide,  C10H10Br2,  which  crystal- 
lizes in  large,  monosymmetric  prisms  with  a  vitreous  lustre, 
melts  at  73o — 74°,  and  decomposes  into  hydrobromic  acid  and 
naphthalene  when  it  is  heated  above  its  melting-point  or 
treated  with  alcoholic  potash  : 


CH2 CH2  /CH=CH 

C6H,<  I  =     C6H4<  I  +  2HBr. 

XCHBr— CHBr  XJHzzCH 

a- Tetrahydronaphthalene,  C10H12.  was  obtained  by  Baeyer  by 
heating  naphthalene  to  170—190°  with  phosphonium  iodide.4 
It  is  also  formed  when  10  grms.  of  naphthalene  are  heated 
with  3  grms.  of  amorphous  phosphorus  and  9  grms.  of  hydriodic 
acid  of  boiling-point  127°  for  7 — 8  hours  at  210—225°.  The 
product  of  these  reactions  is  a  liquid  which  has  a  characteristic, 

1  Ber.  16,  3032.  .  jm. 

3  Bamberger  and  Lodter,  ibid.  20,  1703,  3075.  «  Annalcn,  155   276. 
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but  not  penetrating  odour,  boils  at  205°,  and  has  a  sp.  gr. 
of  0"981  at  12o°.  It  does  not  combine  with  picric  acid,  absorbs 
oxygen  from  the  air,  is  more  readily  oxidized  than  naphthalene 
to  phthalic  acid  and  decomposes  into  naphthalene  and  hydrogen 
at  a  red  heat.  When  it  is  heated  with  sulphuric  acid,  tetra- 
hydronajphthalenesulphonic  acid,  C10HnSO3H,  is  formed  as  a 
crystalline  substance  which  is  decomposed  into  the  hydrocarbon 
and  sulphuric  acid,  when  it  is  mixed  with  three  parts  of  sul- 
phuric acid  and  one  of  water  and  heated  to  170°  by  superheated 
steam.1  Since  the  sulphonic  acid  of  naphthalene  itself  is 
decomposed  by  water  at  160°,  this  process  can  be  used  to 
separate  tetrahydronaphthalene  from  naphthalene.  The  barium 
sulphonate,  2(C10H11SO3)2Ba  +  H20,  crystallizes  in  tablets.2 

ft- Tetrahydronaphthalene,  is  formed  when  a-tetrahydronaph- 
thylhydrazine  is  suspended  in  boiling  water  and  a  hot  saturated 
solution  of  copper  sulphate  slowly  added  until  the  liquid  is 
permanently  coloured  blue  : 

C10Hn.NH— NH2  +  2CuO  =  C10H12  +  N2  +  Cu20  +  H20. 

It  is  also  obtained  when  sodium  is  added  to  a  boiling  solution 
of  naphthalene  in  amyl  alcohol.3  It  is  a  transparent,  colourless 
oily  liquid,  which  has  a  strong  smell  of  naphthalene,  boils  at 
205°,  and  has  a  sp.  gr.  of  0"978  at  17°.  It  dissolves  in  hot 
sulphuric  acid,  forming  a  monosulphonic  acid,  the  soluble  barium 
salt  of  which  crystallizes  in  small  hemispherical  aggregates 
which  effloresce  in  the  air.  Its  constitution  follows  from  that 
of  tetrahydro-a-naphthylamine,  which  will  be  subsequently 
discussed,  and  is  expressed  by  the  following  formula : i 

•CH^ — CH2 
6    *\CH2-CH2 

On  oxidation  it  yields  o-carboxyhydrocinnamic  acid,  C6H4(CO. 
OH)CH2.CH2.COOH. 

MexhydronaphtJialene,  C10HU,  was  first  obtained  by  Wreden  and 
Znatowicz  who  heated  4  grins,  of  naphthalene  with  20  grms.  of 
hydriodic   acid  saturated  at    0°  and    OS  grms.   of   amorphous 

1  Grabe,  Ber.  5,  677  ;  Grabe  and  Guye,  Ber.  16,  3028. 
s  Friedel  and  Crafts,  Bull.  Soc.  Chim.  42,  66. 
3  Bamberger  and  Kitschelt,  Ber.  23,  1561. 
*  Bamberger  and  Bordt,  Ber.  22,  625. 
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phosphorus.1  According  to  Grabe  and  Guye  it  is  prepared  by 
heating  67  grms.  of  naphthalene  with  10  grms.  of  hydriodic 
acid  of  boiling-point  127°  and  3  grms.  of  phosphorus  to  240 — 
250°  for  8 — 10  hours.  It  is  a  liquid  which  boils  at  200°,  has  a 
specific  gravity  of  0'942  at  0°,  absorbs  oxygen  from  the  air,  and 
does  not  combine  with  picric  acid.  On  treatment  with  sulphuric 
acid  it  yields  two  sulphonic  acids.2 

Octohydronaphthalene,  C10HI6,  was  obtained  by  Guye  by  heating 
5  grms.  of  naphthalene  with  9  grms.  of  hydriodic  acid  and 
phosphorus  to  260 — 265°  for  15 — 20  hours.  It  is  a  liquid 
which  boils  at  185 — 190°,  has  a  specific  gravity  of  0'910  at  0°, 
and  has  a  smell  resembling  that  of  oil  of  turpentine. 

Dekahydronaplithalene,  C10H18,  is  formed,  according  to  Wreden, 
when  naphthalene  is  heated  with  5  parts  of  hydriodic  acid 
saturated  at  0°  and  some  phosphorus  for  36  hours  to  260°.  It 
smells  like  petroleum,  boils  at  173 — 180°,  and  has  a  specific 
gravity  of  0'851  at  0°. 

When  naphthalene  is  heated  with  aluminium  chloride,  a 
series  of  hydrocarbons  is  formed  which  boil  between  70°  and 
250°.  The  fraction,  boiling  at  about  200°,  chiefly  contains 
tetrahydro-  and  dekahydronaplithalene,  in  addition  to  some 
unaltered  naphthalene.  The  mixture  is  then  repeatedly  treated 
with  sulphuric  acid  which  converts  the  naphthalene  and  its 
tetrahydro-derivative  into  sulphonic  acids,  but  does  not  attack 
the  deka-compound.  In  order  to  obtain  the  hydrocarbons  from 
their  sulphonic  acids,  the  latter  are  converted  into  their  sodium 
salts  which  are  mixed  with  a  concentrated  solution  of  phosphoric 
acid  and  distilled  in  steam.  ,  This  method  is  much  better 
adapted  for  the  decomposition  of  sulphonic  acids  in  general 
than  the  older  one,  because  when  sulphuric  acid  is  employed 
a  portion  of  the  monosulphonic  acid  is  converted  into  the  very 
stable  disulphonic  acid.  If  several  sulphonic  acids  are  present 
which  are  decomposed  with  different  degrees  of  readiness,  the 
temperature  is  raised  at  intervals,  and  the  products  at  each 
temperature  collected  separately.3 

Bodekahydronaphthalene,  C10H20,  is  formed  when  naphthalene 
is  heated  with  an  excess  of  saturated  hydriodic  acid  for  50  hours 
to  280°.  It  is  a  colourless,  mobile  liquid,  which  smells  like 
petroleum,  boils  at   153 — 158°,   and  has  a  specific  gravity  of 

1  Beilstein's  Lelirbuch,  2,  137. 

2  Ber.  16,  796. 

3  Friedel  and  Crafts,  Compt.  fiend.  109    95. 
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0-802  at  0°.  Wreden  gave  it  the  name  of  hexhydrocymene.1 
It  certainly  contains  an  open  carbon  chain,  and  may  be  butyl- 
hexhydrobenzene,  C8HU.C4H9 ;  o-diethylhexhydrobenzene,  C6H10 
(C2H6)2>  or  o-methylpropylhexhydrobenzene,  C6H10(CH3)C3H7. 


CHLORIDES  OF  NAPHTHALENE  AND  THEIR 
DERIVATIVES. 

2565  Naphthalene  dichloride,  C10H8C12,  is  obtained,  together 
with  naphthalene  tetrachloride  and  substitution  products,  by 
the  direct  action  of  chlorine  on  naphthalene.2  It  is  more  con- 
veniently prepared  by  making  a  mixture  of  naphthalene  and 
potassium  chlorate  into  pellets  by  the  aid  of  a  little  water  and 
bringing  them  into  hydrochloric  acid.  A  mixture  of  the  two 
chlorides  is  thus  formed  from  which  the  liquid  dichloride  can 
be  separated  by  pressing  ;  the  crude  product  is  then  cooled  to 
a  low  temperature  at  which  it  is  kept  until  the  greater  part 
of  the  residual  tetrachloride  has  crystallized  out.  The  last 
traces  of  this  are  separated  by  mixing  the  liquid  with  ether  and 
alcohol  and  fractionally  precipitating  with  water,  which  causes 
the  separation  of  the  tetrachloride  before  the  dichloride. 

The  latter  is  a  light  yellow  oil  which  has  a  characteristic 
smell  somewhat  resembling  that  of  naphthalene.  It  begins  to 
lose  hydrochloric  acid  at  40 — -50°,  and  at  250°  decomposes 
completely  into  a-chloronaphthalene  and  hydrochloric  acid.3 

Naphthalene  tetrachloride  is  also  formed  when  chlorine  is 
passed  into  a  solution  of  naphthalene  in  chloroform.4  To  pre- 
pare it,  dry  chlorine  is  passed  into  a  glass  bell  jar  in  which  a 
number  of  shallow  basins  containing  naphthalene  are  arranged 
one  above  the  other.5  The  oily  product  is  freed  from  dichloride 
and  other  products  by  extraction  with  light  petroleum  and  with 
alcohol,  the  residue  being  then  recrystallized  from  chloroform. 
The  tetrachloride  is  thus  obtained  in  large  rhombohedra,  which 
melt  at  182°,6  are  only  slightly  soluble  in  boiling  alcohol  and 
light  petroleum,  but  dissolve  somewhat  more  readily  in  ether. 

1  Annalen,  187,  164.  2  Laurent,  Annalen,  8,  8. 

3  E.  Fischer,  Ber.  11,  735.  *  Schwarzer,  Ber.  10,  379. 

e  Grimaux,  Bull.  Soc.  Chum.  18,  207  ;  19,  396. 
•  Faust  and  Saame,  Annalen,  160,  65. 
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When  it  is  heated  alone  or  with  alcoholic  potash,  three  isomeric 
dichloronaphthalenes  are  formed  (p.  41). 

Dichloronaphthydrene  glycol,  C10HSC12(OH)2,  is  obtained  by 
the  continued  boiling  of  the  tetrachloride  with  a  large  quantity 
of  water.  It  crystallizes  from  dilute  alcohol  in  small,  indistinct 
prisms,  melting  at  155 — 156°,  whilst  larger  crystals  of  the  same 
character  are  deposited  from  its  solution  in  ether.  Zinc  and 
dilute  sulphuric  acid  convert  it  into  a-naphthol,1  C10H7.OH. 

Naphthalenedichlorohydrin,  C10H8C12(OH)2,  is  isomeric  with 
the  preceding  compound  and  is  formed  when  naphthalene  is 
brought  into  a  tolerably  concentrated  solution  of  hypochlorous 
acid  and  allowed  to  stand  for  a  considerable  time.  It  crystallizes 
from  alcohol  in  prisms  which  melt  at  a  low  temperature.  When 
it  is  heated  with  a  solution  of  caustic  potash  in  dilute  alcohol, 
naphthene  alcohol,  C10H8(OH)4,  is  formed.  This  substance  crys- 
tallizes in  prisms,  which  are  soluble  in  alcohol  and  ether,  and 
rapidly  turns  brown  in  the  air.  It  is  oxidized  by  very  dilute 
nitric  acid  to  naphthoxalic  acid,  C10H8Og,  and  on  heating 
with  hydriodic  acid  is  converted  into  naphthalene.2 


CHLORINE   SUBSTITUTION   PRODUCTS  OF 
NAPHTHALENE. 

MONOCHLORONAPHTHALENES. 

2566  a-Chloronaphthalene,  C10H7C1,  is  formed  when  the  di- 
chloride  is  heated  or  boiled  with  alcoholic  potash.3  It  is  also 
obtained  by  the  action  of  phosphorus  pentachloride  on  a-naph- 
thalenesulphonic  acid,4  and  on  a-nitronaphthalene  : 5 

C10H7NO2  +  PC16  =  C10H7C1  +  POCI3  +  NOCL 

Atterberg  prepared  it  by  saturating  a-nitronaphthalene  with 
chlorine  and  distilling  the  oily  addition-product.6  It  is  also 
formed,    together   with  a-naphthol,  when   a-naphthylamine  is 

1  Grimaux,  Bull.  Soe.  Chim.  18,  207  ;  19    396. 

2  Neuhoff,  Annalen,  136,  342. 

3  Laurent,  he.  eit.  ■  Faust  and  Saame,  Annalen,  168    68. 

4  Carius,  Annalen,  H4  145.  ' 

5  De  Koninck  and  Marquart,  Ber.  5   11. 

6  Atterberg,  Ber.  9,  316  and  926. 
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diazotized  and  the  product  heated  with  hydrochloric  acid.1  It 
is  best  obtained  by  passing  the  calculated  amount  of  chlorine 
through  boiling  naphthalene  and  fractionating  the  product 2  or 
by  acting  with  chlorine  in  the  cold  in  the  presence  of  antimony 
chloride.3  It  is  an  oily  liquid,  which  does  not  solidify  in  a 
freezing  mixture,  boils  at  263° 4  and  has  a  specific  gravity  of 
l-2025  at  15°.  Its  compound  with  picric  acid  crystallizes  in 
lemon  yellow  needles,5  melting  at  137°. 

a-Chloronaphthcdene  tetrachloride,  C6H4.C4H3C16,  is  obtained 
when  chlorine  is  passed  into  fused  naphthalene  (Faust  and 
Saame)  or  into  a-chloronaphthalene.6  It  crystallizes  from 
chloroform  in  monosymmetric  prisms,  melts  at  13r5°,  and  is 
oxidized  by  nitric  acid  to  phthalic  acid. 

fi-Chloronaphthalene  has  been  prepared  by  the  action  of 
phosphorus  pentachloride  on  /3-naphthol  "•  and  by  the  diazo- 
reaction  from  /3-naphthylamine.s  It  is  best  obtained  by  tritur- 
ating equal  molecules  of  sodium  /3-naphthalenesulphonate  and 
phosphorus  pentachloride  together,  and  as  soon  as  the  reaction  is 
over  distilling  the  product  with  another  molecule  of  phosphorus 
pentachloride  (Rymarenko). 

/3-Chloronaphthalene  crystallizes  from  alcohol  in  nacreous 
plates,  melts  at  56°,  boils  at  264 — 266°,  and  has  a  specific 
gravity  of  T2656  at  16°.  It  is  also  formed,  accompanied  by  a 
large  amount  of  tarry  products,  when  the  a-compound  is  heated 
with  aluminium  chloride. 

On  treatment  with  chlorine  it  yields  the  tetrachloride, 
C6H4C14.C4H3C1. 

1  Gasiorowski  and  Wayss,  Ber.  18,  1936. 

2  Kymarenko,  Beilstein's  Sandb.  2,  139. 

3  Eeverdin  and  NSlting,  Const,  de  la  Naphthaline,  &*c,  30. 

4  Atterberg,  Bull.  Soc.  Chim.  28,  509. 

5  Eoux,  Bull.  Soc.  Chim.  45,  515  ;  Ann.  Chim.  Phys.  VI.  12,  347. 

6  Widman,  Bull.  Soc.  Chim.  28,  506. 

7  Cleve  and  Juhlin,  Bull.  Soc.  Chim.  25,  258  ;  Rymarenko,  Bar.  9,  663. 

8  Liebermann  and  Palm,  Annalen,  183,  267  ;  Gasiorowski  and  Wayss,  Bar.  18, 
1936  ;  Eeverdin  and  Nolting,  Const,  de  la  Naphthaline,  &c. 
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THE  DICHLORONAPHTHALENES,  010H8C12. 
a-a-DlCHLORONAPHTHALENES. 

2567  1  :  4t-Dichloronaj)7ithalene.  Faust  and  Saame  by  boiling 
naphthalene  tetrachloride  with  alcoholic  potash  obtained  a- 
dichloronaphthalene,1  which  was  more  closely  examined  by  Wid- 
man.2  It  crystallizes  in  needles,  melting  at  38°,  and  combines 
with  chlorine  to  form  two  tetrachlorides,  one  of  which  is  solid, 
the  other  liquid.  Armstrong  and  Wynne  have  however  shown 
that  it  is  a  mixture  of  1  :  3-  and  1  :  4-dichloronaphthalenes.3  The 
latter  was  obtained  by  Faust  and  Saame,  who  named  it  /3-di- 
chloronaphthalene,  by  the  continued  and  vigorous  boiling  of 
naphthalene  tetrachloride.  It  is  also  formed,  according  to 
Widman,  when  chlorine  is  passed  into  a  solution  of  o-chloro- 
naphthalene  in  chloroform,*  and  by  the  action  of  phosphorus 
pentachloride  on  1  :  4-chloronitronaphthalene,5  1  : 4-nitronaph- 
thol,8  1  :  4-chloronitronaphthalenesulphonic  acid,7  1  :  4-bromo- 
naphthalenesulphonic  acid,8  and  1  :  4-diazonaphthalenesulphonic 
acid.9 

1  :  4-Dichloronaphthalene  crystallizes  from  alcohol,  in  which 
it  is  only  slightly  soluble,  in  silky  needles.  It  is  more  readily 
soluble  in  glacial  acetic  acid,  and  very  readily  in  acetone,  from 
which  it  separates  on  the  spontaneous  evaporation  of  the  solvent 
in  large  needles  or  prisms.  It  melts  at  67 — 68°,  readily  sub- 
limes, boils  at  286 — 287°,  and  is  oxidized  by  nitric  acid  to 
dichlorophthalic  acid. 

It  combines  with  chlorine  to  form  the  tetrachloride,  C10H6C16, 
which  crystallizes  in  monosymmetric  prisms,  melting  at  172°. 

1 : 4' ' -Dichloronaphthalene  was  obtained  by  Atterberg,  who 
named  it  7-dichloronaphthalene,  by  the  action  of  chlorine  on 
fused  a-nitronaphthalene,  and  by  heating  a-dinitronaphthalene 
with  phosphorus  pentachloride.10     Cleve  prepared  it  in  a  similar 

1  Annalcn,  160,  65  ;  Krafft  and  Becker,  Ber  9    1089. 

2  Ber.  15,  2160. 

9  Proc.  Cham.  Soc.  1888—1889,  104. 

4  Keverdin  and  Nolting,  loc.  cit.  18. 

5  Atterberg,  Ber.  9,  1157  ;  Gasiorowski  and  Wayss,  loc.  cit. 

6  Ibid.  »  Cleve,  Bull.  Soc.  Chim.  26,  242. 
8  Jolin,  Bull.  Soc.  Chim.  28,  561.         9  Erdmann,  Anvalen,  247   350. 

10  Ber.  9    316  and  1187. 
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manner  from  the  corresponding  chloronaphthalenesulphonic  acid, 
and  Erdmann  from  1  : 4-diazonaphthalenesulphonic  acid,  and 
from  4'-chloro-a-naphthol.1  It  crystallizes  from  alcohol  or 
glacial  acetic  acid  in  small  plates,  melts  at  107°,  and  sublimes  in 
very  thin,  broad  prisms.  When  chlorine  is  passed  into  its  solu- 
tion in  chloroform,  the  tetrachloride  is  formed,2  which  crystallizes 
in  large  prisms,  and  melts  at  85°.  Chromic  acid  oxidizes  1  : 4'- 
dichloronaphthalene  in  acetic  acid  solution  to  v-chlorophthalic 
acid.3  The  constitution  of  this  dichloronaphthalene  follows  from 
its  formation  from  a-dinitronaphthalene  (Atterberg),  and  from 
4' :  1-chloronaphthol  (Erdmann). 

1 :  V -Dichloronaphthalene,  was  prepared  by  Atterberg,  who 
distinguished  it  as  ^-dichloronaphthalene,  from  1:1'-  or  /3- 
dinitronaphthalene  by  treatment  with  phosphorus  pentachloride, 
and  also  by  the  diazo-reaction  from  the  corresponding  chloro-a- 
naphthylamine.  It  forms  large,  rhombohedral  crystals  and 
melts  at  83°.4 


a-yS-DlCHXORONAPHTHALENES. 

2568  1  : 2- Dichloronaphthalene,  was  prepared  by  Cleve  from 
a-chloro-/3-naphthylamine  by  means  of  the  diazo-reaction.  It 
crystallizes  from  alcohol  in  rhombic  tablets,  melts  at  34 — 35°,6 
and  does. not  form  an  additive  product  with  chlorine.6 

1  :  B-Dichloronaphthalene  was  termed  ^-dichloronaphthalene 
by  Cleve,  who  obtained  it  from  the  corresponding  nitronaphtha- 
lenesulphonic  acid  and  from  dichloronaphthylamine.7  As  already 
mentioned,  it  is  formed,  together  with  1  :  4-  and  2  :  3-dichloro- 
naphthalenes,  when  naphthalene  tetrachloride  is  boiled  with 
alcoholic  potash,  and  Erdmann  has  obtained  it  from  2'-4'-di- 
chloro-a-naphthol.8  It  crystallizes  from  alcohol  in  fine  white 
needles,  which  melt  at  61-5°  (Armstrong  and  Wynne),  and  is 
oxidized  to  phthalic  acid  by  nitric  acid,  whilst  chromic  acid 
converts  it  into  monochloronaphthoquinone  and  phthalic  acid.9 

1  : 3' -Dichloronaphthalene,  which  Cleve  termed  ^-dichloro- 
naphthalene, is  obtained  by  treating  the  corresponding  nitro- 

1  Annalen,  247,  363  and  1187.  5  Atterberg  and  Widman,  Ber.  10,  1841. 

'  Guaresehi,  Ber.  20,  Kef-  509.  4  Bcr.  9,  1730 ;  10,  547. 

5  Ber.  20,  1989.  6  Hellstrom,  Ber.  21,  3267. 

7  Ber.  19,'  2179  ;  20,  448.  8  Ber.  21,  3444. 
»  Cleve,  Bcr.  23,  954. 
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naphthalenesulphonic  acid x  and  3'-chloro-a-naphthol 2  with 
phosphorus  pentachloride.  It  crystallizes  in  long,  slender, 
lustrous  ribbons,  melting:  at  48°.  On  oxidation  with  nitric  acid 
it  yields  a-chlorophthalic  acid.  Its  constitution  follows  from  its 
synthesis  by  Erdmann  and  Kirchhoff  from  the  chloronaphthol 
obtained  by  the  distillation  of  «2-chlorophenylparaconic  acid,  and 
has  been  confirmed  by  Armstrong  and  Wynne,3  who  have  obtained 
this  dichloronaphthalene  from  chloronaphthylaminesulphonic 
acid,  (S03H  :  NH2 :  CI  =  1  :  3'  :4'),  by  acting  upon  it  with 
sodium  amalgam  to  replace  the  chlorine  by  hydrogen,  and  then 
converting  the  3' :  1-naphthylaminesulphonic  acid  thus  formed 
into  dichloronaphthalene. 

1  :  2' ' -Dichloronaphthalene  was  considered  to  be  identical  with 
the  1  : 3-compound  until  Armstrong  and  Wynne  showed  that 
this  was  not  the  case.  It  is  formed  when  /3-naphthol-et-sulphonic 
acid,4  /3-chloronaphthalene-a-sulphonic  acid,5  and  2'-chloro-a- 
naphthol,6  are  treated  with  phosphorus  pentachloride,  and 
crystallizes  from  alcohol  in  small,  lustrous  plates,  melts  at  63 — 
63'5°  (Armstrong  and  Wynne),  and  boils  at  286°. 


/3-yS-DlCHLOEONAPHTHALENES. 

2569  2 : ^-Dichloronaphthalene  or  i-Dichloronaphthalene  is 
formed  in  small  quantity,  accompanied  by  the  1  :  3-  and  1  : 4- 
isomerides,  when  naphthalene  tetrachloride  is  boiled  with 
alcoholic  potash  (Widmann),  or  heated  to  200°  with  moist  silver 
oxide.7  It  crystallizes  from  alcohol  in  thin  scales  and  melts  at 
1195°.  Its  constitution  is  proved  by  the  fact  that  it  is  formed 
by  the  partial  reduction  of  1:2:  3-trichloronaphthalene  (Arm- 
strong and  Wynne). 

2  :  %' -Dichloronaphthalene  was  obtained  by  Cleve,  who  named 
it  e-dichloronaphthalene,  from  /3-naphthalenedisulphonic  acid.8 
Claus  and  Zimmermann  prepared  it  from  /S-naphthol-^-sulphonic 

1  Bull.  Soc.  Chim.  26,  448  ;  29,  499  ;  Ber.  20,  75. 

2  Erdmann  and  Kirchhoff,  Annalen,  247   379. 

3  Armstrong  and  Wynne,  Proc.  CJiem.  Soc.  1889,  34,  48  ;  Chem.  News,  1889, 
59,  140,  188. 

4  Claus  and  Volz,  Bcr.  18,  3154  ;  Forsling,  Ber.  20   2100. 

5  Arnell,  Bull.  Soc.  Chim.  45,  184. 

6  Erdmann  and  Kirchhoff,  Annalen,  247    379. 

7  Leeds  and  Everhart,  Am.  Chcm.  Journ.  2   211. 

8  Bull.  Soc.  Chim.  26,  244. 
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acid,1  and  Arnell  from  /3-chloronaphthalenesulphonic  acid.  It 
crystallizes  from  alcohol  in  long  narrow  ribbons,  and  from 
benzene  in  large  monosymmetric  tablets,  melting  at  135°.  It 
boils  at  285°,  and  is  converted  by  nitric  acid  into  a-chlorophthalic 
acid. 

Its  constitution  has  been  determined  by  Armstrong  and 
Wynne,  who  obtained  it  from  chloronaphthylaminesulphonic  acid 
(NH2  :  SOsH  :  CI  =  2  :  3' :  1)  by  eliminating  chlorine  and  then 
replacing  the  amido-  and  sulphonic-groups  by  chlorine.2 

2  :  2'-Dichloronaphthalene,  termed  the  S-compound  by  Cleve, 
was  prepared  by  him  from  a-naphthalenedisulphonic  acid,  and 
by  Erdmann  from  /3-diazonaphthalene-S-sulphonic  acid3  by 
heating  with  phosphorus  pentachloride.  It  crystallizes  from 
alcohol  in  large,  thin,  rhomboid  tablets,  melting  at  114°.  It  is 
also  oxidized  by  nitric  acid  to  a-chlorophthalic  acid. 

Armstrong  and  Wynne  have  obtained  it  from  chloronaphthyl- 
aminesulphonic acid  (NH2  :  S03H :  CI  =  2  :  2'  :  1)  in  the  manner 
described  above,  and  have  thus  determined  its  constitution. 


TRICHLORONAPHTHALENES,  C10H5C13. 

2570  1:2:3-  or  a-Trichloronaphthalene  was  obtained  by 
Faust  and  Saame  from  a-chloronaphthalene  tetrachloride  by 
heating  with  alcoholic  potash.  It  is  also  formed  when  a- 
naphtholdisulphochloride  4  or  a-/3-dichloro-/?-naphthol E  is  heated 
with  phosphorus  pentachloride.  It  crystallizes  from  alcohol  in 
long  slender  needles,  melting  at  81°.  Nitric  acid  converts  it  into 
trichloronitrophthalic  acid,6  its  constitution  being  thus  proved. 

1:2:4-  or  i-Trichloronaphthalene,  was  prepared  by  Cleve 
from  dichloro-a-naphthol  by  the  action  of  phosphorus  penta- 
chloride, and  has  also  been  obtained  from  the  corresponding 
dichloro-a-naphthylamine  (Armstrong  and  Wynne),  and  by  the 
action  of  chlorine  on  1 : 3-dichloronaphthalene  dissolved  in 
chloroform.7  It  is  only  slightly  soluble  in  alcohol,  from  which  it 
crystallizes  in  tufts  of  slender  flat  needles,  melting  at  92°.8 

1  Ber.  14,  1477  2  Proc.  Chem.  Soc.  1889,  34,  48. 

3  Ber.  20,  3185  ;  21,  637.  4  Claus  and  Mielke,  Ber.  19,  1182. 

6  Armstrong  and  Wynne,  Proe.  Chem.  Soc.  1890,  "6  ;  Chem.  News,  1890 
61,  272. 

0  "Widinan,  Bull.  Soc.  Chim.  28,  511. 

7  Cleve,  Ber.  23,  954.  8  Ber.  21,  891. 
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1:2: 2'-Trichloronaphthalene  is  formed  by  the  action  of 
phosphorus  pentachloride  on  the  dichloronaphthalenesulphonic 
acid  which  is  prepared  from  chloronaphthylaminesulphonic  acid,1 
(CI :  NH2  :  SO,H  =  1:2: 2').  It  crystallizes  from  alcohol  in 
hemispherical  aggregates  of  microscopic  needles,  melting  at 
83—84°. 

1:2:  S'-Trichloronaphthalene  is  obtained  in  a  similar  manner 
from  1:2: 3'-chloronaphthylaminesulphonic  acid  (Armstrong 
and  Wynne),  and  by  the  action  of  phosphorus  pentachloride  on 
the  corresponding  chloro-/3-naphtholsulphonic  acid.  It  crystal- 
lizes from  alcohol  in  tufts  of  short,  slender  needles,  melting  at 
91°. 

1:2:  4'-Trichlor '(/naphthalene  has  been  prepared  by  Armstrong 
and  Wynne  from  1:2:  4'-chloronapthylaminesulphonic  acid. 
It  crystallizes  from  alcohol  in  long  slender  needles,  melting  at 
78-5°. 

1 :  3  :  2'-  or  rj-Trichloronaphthalene  was  obtained  by  Alen  from 
nitronaphthalene-/3-disulphonic  acid.2  Armstrong  and  Wynne 
have  obtained  it  from  the  monosulphonic  acids  yielded  by 
3  :  2'-  and  1 :  3-dichloronaphthalenes  and  from  /3-naphthylamine- 
disulphonic  acid  G  (2  : 1' :  3'),  and  have  thus  settled  its  con- 
stitution. It  is  readily  soluble  in  hot  alcohol  and  benzene,  and 
crystallizes  from  glacial  acetic  acid  in  needles,  melting  at 
112o—113°. 

1  :  3  :  4'-  or  y-Trichloronaphthalene  is  formed  by  the  action  of 
chlorine  on  heated  a-nitronaphthalene,3  and  by  the  action  of 
phosphorus  pentachloride  on  dichloronaphthalene-a-sulphonic 
acid.4  Its  constitution  follows  from  the  fact  that  it  can  be 
obtained  from  the  monosulphonic  acids  of  both  1  :  3-  and  1  :  4'- 
dichloronaphthalene  (Armstrong  and  Wynne).  It  crystallizes 
in  lustrous,  brittle  prisms,  or  from  alcohol  in  long  slender  needles, 
melting  at  103°. 

1  :  4  : 1'-  or  8- Trichlor onaphthalene  has  been  prepared  by  the 
action  of  phosphorus  pentachloride  on  /9-dinitronaphthalene 
(1:1'),  nitro-7-dichloronaphthalene  (4:1'),  the  a-dinitrochloro- 
naphthalene  melting  at  106°,  /3-dinitrochloronaphthalene,5 
nitro-/3-dichloronaphthalene  6  (1  :  4),  and  1  :  l'-dichloronaphtha- 

1  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1889,  48. 

2  Bcilstein's  Eandb.  2nd  Edit.  2,  140. 
8  Atterberg,  Ber.  9,  316  and  926. 

4  Widman,  Bull.  Soc.  Chim.  12,  2228 
6  Atterberg,  Ber  9,  1187  and  1730. 
0  Widman,  loo.  cit. 
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lenesulphonic  acid.  It  crystallizes  from  hot  alcohol  in  soft,  very- 
long  flat  needles,  melting  at  131°.  Nitric  acid  converts  it  into 
dichloropthalic  acid. 

1:4:  2' -Trichloronaphthalene  has  been  obtained  by  Armstrong 
and  Wynne  from  the  monosulphonic  acids  of  1  :  4-,  1  :  2'-,  and 
1  : 3'-dichloronaphthalenes.  It  crystallizes  from  alcohol  in 
slender  flat  needles,  which,  on  standing  in  the  solvent,  become 
opaque,  and  melt  at  66°.  If  the  melting  point  be  redetermined 
immediately  after  solidification,  it  is  found  to  be  56°,  but  after  a 
longer  interval  it  becomes  66°,  as  at  first.  This  substance  is 
identical  with  that  obtained  by  Widman1  from  dichloro- 
naphthalene-/3-sulphonic  acid2  (^-trichloronaphthalene),  and 
with  the  e-trichloronaphthalene  obtained  by  Cleve  from  nitro-??- 
dichloronaphthalene 3  (1  : 3').  It  is  converted  by  nitric  acid 
into  nitrodichloropbthalic  acid. 

2:3:  V -Trichloronaphthalene  is  prepared  from  the  monosul- 
phonic acid  of  2  : 3-dichloronaphthalene.  It  crystallizes  from 
alcohol  in  long,  very  slender  needles,  melting  at  109"5°  (Armstrong 
and  Wynne).  Only  two  heteronucleal  trichloronaphthalenes 
derived  from  2  :  3-dichloronaphthalene  are  possible,  and  since  the 
compound  described  below  has  the  constitution  2:3:2',  the  con- 
stitution of  this  substance  is  fixed. 

2:3:  2' -Trichloronaphthalene  has  been  obtained  by  the  same 
chemists  from  2  :  2'-dichloronaphthalenemonosulphonic  acid,  and 
from  /3-naphthylaminedisulphonic  acid  E.  (NH2 :  S03H  :  S03H  = 
2:3:  2').  It  crystallizes  from  alcohol  in  minute  plates,  and  melts 
at  90-5—91°. 

j3-Trichloronaphthalene  was  obtained  by  Atterberg  by  the 
action  of  chlorine  on  heated  a-nitronaphthalene ;  it  crystallizes 
from  hot  alcohol  in  long,  lustrous  needles,  melting  at  90°.4  A 
trichloronaphthalene  which  is  dimorphous,  crystallizing  from 
alcohol  in  long  needles,  melting  at  87°,  or  large  flat  prisms, 
melting  at  90°,  has  been  prepared  by  Armstrong  and  Wynne 
from  the  so-called  a-naphthylamine-e-disulphonic  acid  (1:3: 1'). 

6-Trichloronaphthalene  was  obtained  by  Alen  from  nitro- 
naphthalene-a-disulphonic  acid;  it  crystallizes  from  glacial 
acetic  acid  in  small  needles,  which  are  readily  soluble  in  alcohol, 
very  readily  in  benzene,  and  melt  at  75 -5 — 76°.5 

1  Ber.  12,  926. 

a  Armstrong  and  Wynne,  Proc.  Cliem.  Soc.  1890,  81  ;  Chcm.  News,  61,  93. 
»  Bull.  Soc.  Chim.  29,  500.  4  Bull.  Soc.  Chim.  9,  316  and  926. 

6  Beilstein's  Handb.  2nd  Edit.  2,  140. 


46  NAPHTHALENE  DERIVATIVES 

a-Trichloronaphthalene  dichloride,  C10H5C15,  was  obtained  by 
Atterberg  and  Widman,  together  with  1  :  4-dichloronaphthalene 
tetrachloride  ;  it  forms  large  lustrous  crystals,  melting  at  93°. 

fi-Trichloronaphthalene  dichloride,  is  formed  when  chlorine  is 
passed  into  a  solution  of  a-monochloronaphthalene  in  acetic 
acid  ;  it  crystallizes  in  short  prisms,  melting  at  1520.1 


TETRACHLORONAPHTHALENES,  C10H4C1. 


4- 


2571  a-Tetrachloronaphtlialene  is  obtained  by  boiling  1  : 4- 
dichloronaphthalene  tetrachloride  with  alcoholic  potash  (Faust 
and  Saame),  or  in  the  same  manner  from  /3-trichloronaphthalene 
dichloride  (Widman).  It  crystallizes  in  long  needles,  melting 
at  180°,  and  is  oxidized  by  nitric  acid  to  dichlorophthalic  acid. 

fi-Tetrachloronaphthcdene  was  obtained  by  Atterberg  together 
with  1  :  4/-dichloronaphthalene  and  /3-trichloronaphthalene  ;  it 
crystallizes  in  needles,  and  melts  at  194°. 

y-Tetrachloronaphthalene  is  also  formed  by  the  action  of 
alcoholic  potash  on  1  : 4-dichloronaphthalene  tetrachloride,  and 
crystallizes  in  flat  needles,  melting  at  176°  (Widman). 

8-Tetrachloronuphthakne  was  obtained  in  a  similar  manner 
from  the  tetrachloride  of  1  : 4'-dichloronaphthalene  and  from  a- 
trichloronaphthalene  dichloride  ;  it  forms  slender,  pliable  needles, 
melting  at  141°. 

e-Tetrachloronaphthalcne  is  formed  when  dinitro-y-dichloro- 
naphthalene  is  heated  with  phosphorus  chloride,  and  crystallizes 
in  long  needles,  melting  at  180°  (Atterberg  and  Widman). 

Z-Tetrachloronaphthahne,  which  is  obtained  from  e-dichloro- 
dinitronaphthalene,  forms  needles,  melting  at  160°.2    - 

2572  a-Pentaehloronaphthalene,  Ci0H3Cl6,  is  formed  when  a- 
dichloronaphthoquinone  is  heated  with  phosphorus  pentachloride,3 
the  temperature  being  gradually  raised  to  250°,  and  then  main- 
tained for  several  hours  at  200—250°.*  It  crystallizes  from  hot 
alcohol  in  needles,  melts  at  168-5°,  and  boils  above  360°.  It  is 
oxidised  by  nitric  acid  to  tetrachlorophthalic  acid. 

P-Pentachloronaphtlialene  was  obtained  by  Atterberg  and 
Widman  from  nitro-S-tetrachloronaphthalene  by  the  action  of 

1  Widman,  Bull.  Soc.  Chim.  28,  507. 

2  Alen,  Bull.  Soc.  Chim.  36,  435. 

3  Grabe,  Annalen,  149,  1. 

4  Claus  and  v.  der  Lippe,  Bcr.  16,  1016. 
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phosphorus  pentachloride.  It  crystallizes  in  spherical  aggregates 
of  needles,  melts  at  177°,  and  is  oxidised  by  nitric  acid  to 
trichlorophthalic  acid. 

HexcJilorona'phthalene,  C10H2C16,  is,  according  to  Laurent,  con- 
tained in  the  products  of  the  continued  action  of  chlorine  on 
heated  naphthalene,  and  crystallizes  in  six-sided  prisms,  which 
can  be  moulded  like  wax,  melts  at  143°,  and  may  be  distilled 
without  decomposition.1 

Heptachloronaphthalene,  C10HC17,  is  formed  when  tetrachloro- 
o-naphthoquinone  is  heated  to  250°  with  phosphorus  penta- 
chloride and  crystallizes  in  small  needles,  which  melt  at  194°. 
Nitric  acid  oxidises  it  to  tetrachlorophthalic  acid.2 

Perchloronaphthalene,  C10C18,  was  first  obtained  by  Laurent, 
but  not  in  the  pure  state.  It  is  formed  when  naphthalene  is 
treated  for  a  long  time  with  chlorine  in  presence  of  antimony 
chloride,3  and  when  a-naphtholtrisulphochloride  is  heated  to 
150°  with  chloride  of  phosphorus  (Claus  and  Mielke).  It  crys- 
tallizes in  long,  thin  needles,  melting  at  203°,  boils  at  403°,  and 
is  soluble  in  benzene,  light  petroleum  and  chloroform,  less 
readily  in  alcohol  and  acetic  acid.  When  it  is  heated  with 
antimony  pentachloride  to  200—300°,  tetrachloromethane, 
hexchlorethane  and  hexchlorobenzene  are  formed.4 

/CCLzzCCl  /CClj  CC13 

C6Cl/  I  +801  =  C6C14<  +      | 

6    4\CCL=CC1  XCC13  CCI3 


/CCL 
C6C1  /  +  4C1  =  C6C16  +  2CC14. 


BROMINE  SUBSTITUTION  PRODUCTS  OF 
NAPHTHALENE. 

2573  a-Bromonaphthalene,  C10H7Br,  is  formed  by  the  action 
of  bromine  on  naphthalene,5  and  on  mercury  naphthyl.6  It  is 
also  obtained  when  naphthalene  is  heated  to  250°  with  cyanogen 

. 1  Gmelin's  Handb.  4,  60. 

2  Claus  and  v.  der  Lippe,  Ber.  16,  1019  ;  Claus  and  Wenzlik,  Ber.  19,  1165. 
8  Berthelot  and  Jungfleisch,  Bull.  Soc.  Chim.  9,  446. 
*  Ruoff,  Ber.  9,  I486. 

s  Laurent,  Ann.  Chim.  Pliys.  59,  215  ;  Wahlfors,  Zeitsch.  Chcm.  1865,  3. 
«  Otto,  Annalen,  147,  175. 
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bromide,1  and  has  been  prepared  from  a-naphthylamine  by 
means  of  the  diazo-reaction.2  It  is  best  obtained  by  adding  the 
calculated  quantity  of  bromine  to  a  solution  of  naphthalene  in 
carbon  disulphide,3  or  by  covering  finely-powdered  naphthalene 
with  a  solution  of  bromine  in  caustic  soda  and  then  allowing 
dilute  hydrochloric  acid  to  flow  to  the  bottom  of  the  well-stirred 
mixture.4 

It  is  a  strongly  refractive  liquid  which  boils  at  280°,  mixes 
with  absolute  alcohol,  ether  and  benzene  in  every  proportion 
and  has  a  specific  gravity  of  1-503  at  12°.  It  solidifies  in  a 
freezing  mixture  and  then  melts  at  4 — 5°.5  Sodium  amalgam 
added  to  its  alcoholic  solution  converts  it  into  naphthalene  ;  it  is 
not  attacked  by  alcoholic  potash,  and  is  oxidised  to  phthalic  acid 
by  a  solution  of  chromium  trioxide  in  acetic  acid.6  When  it  is 
dissolved  in  hot  toluene  and  treated  with  aluminium  bromide, 
double  decomposition  occurs,  p-bromotoluene  and  naphthalene 
being  formed  (Roux).  Its  compound  with  picric  acid  crystallizes 
from  benzene  in  lemon-yellow  needles,  melting  at  134 — 135°. 

a-BromonaphthaUne  dichloride,  C10H7BrCl2,  was  obtained  by 
Laurent  from  bromonaphthalene  by  the  action  of  chlorine ;  it 
crystallizes  from  ether  in  rhombic  tablets,  and  melts  at  165°. 

@-Bromonaphthahne  was  prepared  by  Liebermann  from  /3- 
naphthylamine  by  means  of  the  diazo-reaction,7  whilst  Brunei 
obtained  it  by  the  action  of  phosphorus  pentabromide  on 
^-naphthol.8  When  a  solution  of  a-bromonaphthalene  in 
carbon  disulphide  is  heated  with  a  little  aluminium  chloride,  it 
is  partially  converted  into  the  /3-compound,  dibromonaphthalene, 
a  small  amount  of  naphthalene  and  other  products  being  also 
formed  (Roux). 

/3-Bromonaphthalene  crystallizes  in  lustrous  white  rhombic 
plates,  which  melt  at  59°.  It  boils  at  281—282°,  has  a  specific 
gravity  of  1 '6  05  at  0°,  and  is  readily  soluble  in  ether,  chloroform 
and  benzene,  less  readily  in  alcohol.  Its  compound  with  picric 
acid  crystallizes  from  alcohol  in  yellow  needles  and  melts  at  79°. 

1  Merz  and  Weith,  Bcr.  10,  756.  a  Eother,  Bcr.  4,  850. 

3  Glaser,  Annalen,  135,  41.  4  Gnehm,  Bcr.  15,  2721. 

5  Roux,  Bull.  Soc.  Chim.  45,  511  ;  Ann.  Ohim.  Phys.  II.  12    342. 

6  Beilstein  and  Kurbatow,  Annalen,  202,  216. 

7  Annalen,  183,  268  ;  Gasiorowski  and  Wayss,  Bcr.  18    1941 

8  Bcr.  17,  1179.  ' 
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DIBROMONAPHTHALENES,  C10H6Br2 

2574  Laurent  was  the  first  to  obtain  a  substance  having  the 
composition  of  dibromonaphthalene,  but  this  was  subsequently 
shown  to  be  a  mixture. 


a-a-DlBEOMONAPHTHALENES. 

1  :  ^-Dibromonaphthalene  was  found  by  Glaser  among  the 
products  of  the  bromination  of  naphthalene.1  It  is  also  formed 
by  the  action  of  bromine  on  a-nitronaphthalene,2  as  well  as  by 
heating  1  :  4-bromonitronaphthalene  or  1  :  4-bromonaphthalene- 
sulphonic  acid  with  phosphorus  pentabromide,3  and  has  also  been 
obtained  from  1  :  4-bromoriaphthylamine  by  means  of  the  diazo- 
reaction.4  In  order  to  prepare  it,  air  saturated  with  bromine 
vapour  is  passed  over  naphthalene,  contained  in  a  long,  well- 
cooled  tube ;  the  isomerides  formed  at  the  same  time  are 
separated  by  recrystallization  from  alcohol.5 

It  forms  long  needles,  which  melt  at  81 — 82°,  and  dissolve  in 
76  parts  of  alcohol  of  93*5  per  cent,  at  ll-4°,  and  in  16'5  parts 
at  56°.  It  is  converted  by  nitric  acid  into  dibromophthalic  acid 
and  by  an  acetic  acid  solution  of  chromic  acid  into  dibrom-a- 
naphthoquinone  and  dibromophthalide,  CsH4Br202  (Part  IV. 
p.  444). 

a- Dibromonaphthalene  tetrabromiale,  C10H6Br2.Br4,  is  formed, 
together  with  the  /3-compound,  when  1  :  4-dibromonaphthalene 
is  treated  with  bromine  at  0°.  It  is  insoluble  in  ether,  and 
crystallizes  from  chloroform  in  rhombic  prisms,  melting  at 
about  100°. 

^-Dibromonaphthalene  tetrabromiale  is  soluble  in  ether  and 
crystallizes  in  prisms,  which  melt  with  decomposition  at 
173— 174°.6 

1  :  4' '-Dibromonaphthalene  is,  according  to  Guareschi,  obtained, 
together  with  the  1  :  4-compound  and  an  isomeride  melting  at 

1  Annalen,  135,  40  ;  Gasiorowski  and  Wayss,  Ber.  18,  1936. 

2  Guareschi,  Ber.  10,  294 

3  Jolin,  Bull.  Soc.  Chim.  28,  514. 

4  Meldola,  Journ.  Chem.  Soc.  1883,  1,  1  ;  1885,  1,  508. 

5  Guareschi,  Annalen,  222,  262. 

6  Guareschi,  Ber.  19,  554  E. 
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67"5 — 68°  by  allowing  bromine  to  drop  on  to  naphthalene.  The 
product  is  first  washed  with  alcohol  to  remove  a-bromonaphtha- 
lene  and  then  dissolved  in  boiling  alcohol.  On  cooling  this 
solution,  1  :  4-dibromonaphthalene  is  first  deposited  and  then  a 
mixture  of  the  two  other  isomerides.  This  mixture  is  warmed 
with  alcohol  to  remove  the  compound  melting  at  68°,  and  the 
residue  finally  purified  by  recrystallization  from  alcohol. 

1  :  4'-Dibromonaphthalene  is  also  formed  by  the  action  of 
phosphorus  pentabromide  on  a-dinitronaphthalene  and  1  :  4'- 
bromonaphthalenesulphonic  acid.1  It  crystallizes  in  lustrous 
tablets,  which  melt  at  130'5 — 131-5°,  and  dissolve  at  56°  in  50 
parts  of  alcohol  of  93'5  per  cent.  It  is  oxidized  by  nitric  acid 
to  bromonitrophthalic  acid,  and  by  an  acetic  acid  solution  of 
chromium  trioxide  to  v-bromophthalic  acid.2  It  forms  no 
addition  compound  with  bromine. 


a-/S-DlBEOMONAPHTHALENES. 

2575  1  :  2-Dibromonaphthalene  was  obtained  by  Meldola  from 
bromo-/3-amidonaphthalene.  It  crystallizes  from  alcohol  in 
oblique  rhombic  prisms  and  melts  at  63°. 

It  is  probably  identical  with  the  dibromonaphthalene  described 
above  as  melting  at  68°. 

1  :  3-Dibromonaphthalene  has  been  prepared  by  Meldola  from 
dibrom-a-naphthylamine ;  it  crystallizes  from  alcohol  in  needles, 
melting  at  64°. 

1  :  2' '-Dibromonaphthalene  is  formed,  together  with  the  1  :  4'- 
compound,  by  the  action  of  bromine  on  a-naphthalenesulphonic 
acid,8  as  well  as  by  the  distillation  of  1  :  2'-bromonaphthalene- 
sulphonic  acid  with  phosphorus  pentabromide.4  It  crystallizes 
from  alcohol  in  needles,  melting  at  76 — 77°. 

1  Jolin,  Bull.  Soc.  Chim.  28,  54. 

'  Guareschi,  Bcr.  21,  528  c.  This  acid  melts  at  178-5°  and  not  at  138—140° 
as  stated  by  Faust  and  Pechmann  (Pt.  IV.  p.  472),  who  actually  had  a  mixture  of 
the  v-  and  a-acids. 

3  Darmstadter  and  Wichelhaus,  Annalen,  152    303. 

4  Forsling,  Bcr.  22,  1400. 
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/3-/3-DIBROMONAPHTHALENE. 

2  :  2'-Dibromonaphthalene  was  obtained  by  Forsling  from  the 
bromide  of  the  corresponding  bromonaphthalenesulphonic  acid ; 
it  crystallizes  from  a  mixture  of  ether  and  chloroform  in  four- 
sided  tablets,  melting  at  158°. 


TRIBROMONAPHTHALENES,  C10H6Br3 

2576  a-Tribromonaphthalcne  is  obtained,  together  with  other 
products,  when  naphthalene  is  treated  with  bromine.  It  crystal- 
lizes from  alcohol  in  needles,  melts  at  75°,  and  solidifies  in 
rosettes  resembling  the  mineral  wavellite.1 

fi-Tribromonaphthalene  (1:4:  1')  was  prepared  by  John  from 
nitro-yS-dibromonaphthalene  by  the  action  of  phosphorus  penta- 
bromide.  It  is  very  readily  soluble  in  alcohol  and  crystallizes 
in  long,  pliable  needles,  melting  at  85°. 

y-Tribromonaphthalene  was  obtained  by  the  same  chemist  in 
a  similar  manner  from  dibromo-/S-naphthalenesulphonic  acid ; 
it  crystallizes  in  short,  brittle  needles,  and  melts  at  86"5°. 

S-Tribromonajphthalene  (1:2:4)  was  prepared  by  Meldola 
from  the  corresponding  dibromonaphthylamine.  It  is  also 
formed  when  nitrobromonaphthylamine  is  heated  with  hydro- 
bromic  acid  and  glacial  acetic  acid  to  130°.2  It  is  readily  soluble 
in  ether,  less  readily  in  alcohol,  crystallizes  in  small  lustrous 
needles  and  melts  at  113 — 114°. 

e-Tribromonaphthalene  (1  :  3  :  2'  or  1  :  3  :  3')  was  obtained  by 
Meldola  from  dibromo-/S-amidonaphthalene.  It  crystallizes  from 
alcohol  in  short  needles,  melting  at  110°. 

£-Tribromonaphthalcne  (1  :  3  :  1'  or  1  :  3  :  4')  was  obtained  in 
the  same  way  from  dibrom-a-amidonaphthalene  ;  it  forms  small 
needles,  melting  at  105°. 

1  Griibe,  Annalen,  135,  43.  2  Prager,  Ber.  18,  2163. 

3  Journ.  Chem.  Soc.  1885,  1,  497. 


52  NAPHTHALENE  DERIVATIVES 


TETRABROMONAPHTHALENES,  OioH4Br4 

2577  a-Tetrabromonaphthalene  (1:4:3':  2')  is  formed  by  the 
action  of  an  alcoholic  solution  of  sodium  ethylate  on  /3-dibromo- 
naphthalene  tetrabromide,  and  crystallizes  from  hot  alcohol  in 
long,  silky  needles,  which  melt  at  175°,  sublime  in  pearly  tablets, 
and  are  only  slightly  soluble  in  ether.  An  acetic  acid  solution 
of  chromium  trioxide  oxidises  it  to  tetrabrom-a-naphthoquinone 
and  dibromophthalide. 

(3-Tetrdbromonaphthalene  is  obtained,  together  with  the  a- 
compound,  from  a-dibromonaphthalene  tetrabromide.  It  is 
readily  soluble  in  ether  and  crystallizes  from  alcohol  in  small 
needles,  melting  at  119— 1200.1 

2578  Pentabromonaphthalene,  C10H3Br5,  is  obtained  by  heating 
a-tetrabromonaphthalene  with  bromine  to  150°,  in  the  form  of 
colourless  crystalline  granules,  which  are  insoluble  in  alcohol 
(Grabe). 

Jlexbromonaphthalene,  C10H2Br6,  is  formed  by  very  gradually 
heating  naphthalene  to  350"  with  bromine  and  a  little  iodine, 
It  forms  slender  needles,  melts  at  245 — 246°,  and  may  be  sublimed. 
It  is  insoluble  in  alcohol  and  ether,  and  only  slightly  soluble  in 
benzene  and  chloroform.2 

Bromochloronapkthalene,  C]0H6BrCl,  is  only  known  in  three 
isomeric  forms. 

a-Bromochloronaphthalene  (Br  :  CI  =  1  :  4')  is  obtained  from 
the  corresponding  bromonaphthalenesulphochloride  by  the  action 
of  phosphorus  pentachloride ;  it  crystallizes  in  needles,  and 
melts  at  115°.3 

fi-Bromochloronaphthalene  is  formed,  together  with  the  7-com- 
pound,  by  the  action  of  chlorine  on  a-bromonaphthalene  or  of 
bromine  on  a-chloronaphthalene.  It  crystallizes  in  thin,  lustrous 
tablets,  and  yields  chlorophthalic  acid  on  oxidation. 

y-Bromochloronaphthalene  is  more  readily  soluble  in  alcohol, 
melts  at  66—67°,  boils  at  303°,  and  sublimes  in  needles.  On 
oxidation  it  yields  bromochlorophthalide.4 

Several  other  substitution  and  addition  products  containing 
both  chlorine  and  bromine,  most  of  which  were  prepared  by 
Laurent,  are  also  known. 

1  Guareschi,  Gazzetta.  16,  142.  "-  Gessner,  Bcr.  9,  1510. 

3  Cleve,  Bull.  Soc.  Chim.  26,  540. 

*  Biginelli  and  Guareschi,  Chem.  Ceniralbl.  1887  518. 
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IODINE  SUBSTITUTION    PRODUCTS  OF 
NAPHTHALENE. 

2579  a-Iodonaphthalene,  C10H7I,  was  obtained  by  Otto  by  the 
action  of  iodine  on  a  solution  of  mercury  dinaphthyl  in  carbon 
disulpbide,1  and  by  Nolting  from  diazonaphthalene  sulphate  by 
boiling  its  solution  with  the  calculated  quantity  of  hydriodic 
acid,  or  by  simply  heating  the  solution  with  potassium  iodide.2 
It  is  a  thick  oily  liquid,  which  does  not  solidify  in  a  freezing 
mixture,  is  miscible  with  alcohol,  ether,  benzene,  &c,  and  boils 
at  305°.3  On  boiling  with  hydriodic  acid  it  is  quantitatively 
converted  into  naphthalene  (Nolting),  which  is  also  formed, 
together  with  tarry  products,  when  its  solution  in  carbon  disul- 
phide  is  boiled  with  aluminium  chloride  (Roux).  Its  picric  acid 
compound  forms  golden  yellow  needles,  which  melt  at  127°. 

P-Iodonaphthalene  was  prepared  by  Jacobsen  from  /3-naphthyl- 
arnine  by  the  diazo-reaction ;  it  crystallizes  in  small  plates, 
melts  at  54-5°,  is  volatile  with  steam,  and  readily  dissolves  in 
alcohol,  ether,  &c.4 

1  •:  i-Di-iodonapJithalene,  C10H.6I»  was  obtained  by  Meldola 
from  1  :  4-iodonaphthylamine  by  the  diazo-reaction ;  it  crystal- 
lizes from  alcohol  in  needles,  melting  at  109—110". 

1  :  2-JDi-iodonaphthalene  is  formed  in  a  similar  manner  from 
2  :  1-iodonaphthylamine ;    it  forms  white  scales,  melting  at  81°. 

Meldola  has  also  prepared  the  following  bromiodonaphtha- 
lenes  from  the  corresponding  bromonaphthylamines  : 6 

]3r  :  I  Melting-point. 

1  :  4  long  flat  needles       ....    83-5° 

1  :  3  long  needles 68° 

1  :  2  thick  white  needles      ...    94° 


1  AnnaUn,  147,  173.  2  Btr.  19   135. 

»  Roux,  Bull.  Hoc.  Chim.  45,  517  ;  Ann.  Uhim.  Phys.  VI.  12,  350. 

*  Bcr.  14  803.  *  Jobrn.  Chcm.  Soc.  1885,  1,  621. 
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FLUORINE  SUBSTITUTION    PRODUCTS  OF 
NAPHTHALENE. 

2580  a-Fluonaphthalene,  C10H7F,  is  formed  when  a-naphthyl- 
amine  is  dissolved  by  the  aid  of  heat  in  strong  hydrofluoric 
acid  and  sodium  nitrite  gradually  added  to  the  mixture.  The 
reaction  is  accompanied  by  a  vigorous  evolution  of  gas,  and  con- 
siderable quantities  of  resinous  products  are  formed.  a-Fluo- 
naphthalene  is  a  colourless  liquid,  smelling  like  the  chlorine 
compound  ;  it  boils  at  212°,  has  the  specific  gravity  of  1"135  at 
0°,  and  is  readily  soluble  in  alcohol,  benzene,  chloroform  and 
glacial  acetic  acid. 

ft-Fluonaphthalene  has  been  prepared  in  a  similar  manner 
from  /3-naphthylamine  ;  it  crystallizes  from  alcohol  in  lustrous 
plates,  melting  at  59°,  boils  at  212"5°,  and  dissolves  in  the  same 
solvents  as  the  a-compound.1 


NITROSO-SUBSTITUTION  PRODUCTS  OF 
NAPHTHALENE. 

2581  Nitrosonaphthalene,  C10H7NO,  was  obtained  by  Baeyer 
by  acting  upon  a  solution  of  mercury  dinaphthyl  in  caxbon 
disulphide  with  the  calculated  amount  of  a  mixture  of  bromine 
and  carbon  disulphide  saturated  with  nitric  oxide  at  20° : 

(C10H7)2Hg  +  NOBr  =  C10H7NO  +  C^HgBr. 

It  forms  yellow  granular  crystals,  which  melt  at  89°,  rapidly 
become  red  in  the  air,  and  decompose  at  134°  with  energetic 
evolution  of  gas.  It  volatilizes  with  steam,  forming  a  vapour 
which  has  a  sharp  odour,  very  similar  to  that  of  nitrosobenzene, 
and  its  solution  in  phenol  is  coloured  blue  by  sulphuric  acid.2 

1  :  2-Dinitrosonaphthalene,  C10H6(NO)2,  is  formed  when  an  al- 
coholic solution  of  1  :  2-naphthoquinonedioxime,  C10H6(N.OH)2, 
is  oxidised  with  potassium  ferricyanide  or  bromine.  It 
crystallizes  in  lustrous,  flat  needles,  which  melt  at  127"  and 
readily  volatilize  with  steam.  It  is  insoluble  in  water  and 
1  Ekbom  and  Mauzelius,  Bar.  22,  1846.  2  Bar.  7   1639  •  8   615. 
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alkalis,  but  is  slightly  soluble  in  alcobol  and  light  petroleum,  and 
does  not  give  Liebermann's  reaction.1 

1  -.i-Dinitrosonaphthalene  is  formed  by  the  oxidation  of 
1  :  4-naphthoquinonedioxime.  It  is  a  yellow  odourless  powder, 
which  detonates  on  heating.2 


NITRO-SUBSTITUTION    PRODUCTS    OF 
NAPHTHALENE. 

2582  The  direct  nitration  of  naphthalene  yields  as  first 
product,  a-nitronaphthalene,  from  which  the  higher  substitution 
products  are  derived  in  the  following  manner  : 

/a-Trinitronaphthalene 

/o-Dinitronaplithalene^ a-Tetranitronaphthalene 

a-NitronaphthaleneC  Vy-Trinitronaphthalene 

xp-Dinitronaphthalene  — 0-Trimtronaphthalene— 0-Tetranitronaphthalene 

a-Nitronaphthalene,  C10H7NO2,  was  obtained  by  Laurent  in 
1835  by  boiling  naphthalene  with  nitric  acid.3  Piria  theu 
showed  that  it  is  also  formed  in  the  cold,4  and  Beilstein  and 
Kuhlberg  then  pointed  out  that  in  this  case  it  is  the  only 
product.5  It  has  also  been  obtained  from  a-,  7-  and  S-nitro- 
naphthylamine  by  means  of  the  diazo-reactibn.  It  is  best 
prepared  on  the  small  scale  by  adding  concentrated  nitric  acid 
'  to  a  solution  of  naphthalene  in  glacial  acetic  acid  and  heating 
the  mixture  for  half-an-hour.6  Technically  it  is  prepared  in  a 
similar  manner  to  nitrobenzene  (Pt.  III.  p.  101),  10  parts  of 
naphthalene,  10  parts  of  sulphuric  acid  of  sp.  gr.  184  and 
8  parts  of  nitric  acid  of  sp.  gr.  14  being  employed.  After 
removing  the  excess  of  acid,  the  still  liquid  product  is  run  into 
cold  water  and  washed  with  water  and  dilute  caustic  soda 
solution. 

a-Nitronaphthalene  crystallizes  in  long,  fine,  lustrous,  yellow 
needles  or  prisms,  melts  at  61° 7  and  boils  at  304°.8    It  has  a 

1  Koreff,  Ber.  19,  183  ;  Ilinski,  Ber.  19,  349. 

2  Nietzki  and  Guitermann,  Ber.  21,  428. 

3  Ann  Chim.  Phys.  59,  376  ;  66,  152. 

*  Ann.  Chim.  Phys.  III.  31,  217. 
11  Annalen,  169,  81. 

•  Kttig,  Grundriss,  2,  892. 

7  Aguiar,  Ber.  5,  370. 

8  De  Koninck  and  Marquart,  Ber.  5,  11. 
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characteristic,  unpleasant  smell,  readily  dissolves  in  benzene, 
ether,  carbon  disulphide  and  hot  alcohol.  One  hundred  parts 
of  alcohol  of  87'5  per  cent,  dissolve  2'81  parts  at  15°  (Beilstein 
and  Kuhlberg).  Chromium  trioxide  in  acetic  acid  solution 
oxidizes  it  to  v-nitrophthalic  acid  and  o-nitrophthalide. 

The  following  addition-products,  accompanied  by  some  sub- 
stitution-products, are  formed  by  the  action  of  bromine.1 

a-Nitronaphthalene  a-tetrdbromide,  C10H7NO2Br4,  crystallizes 
in  druses  of  needles,  which  melt  at  130-5°. 

a-Nitronaphthalene  f$-tetrabromide  is  formed,  accompanied  by 
monobromonitronaphthalene  when  the  substance  just  described 
is  heated  to  135 — 137°.  It  crystallizes  from  boiling  alcohol  in 
short  prisms,  which  melt  at  142 — 143"5°. 

a-Nitronaphthalene  j-tetrabromide  is  obtained  together  with 
the  a-compound,  which  is  itself  converted  by  continued  boiling 
with  alcohol  into  the  7-  derivative.  The  latter  forms  short 
prisms  and  melts  with  decomposition  at  172 — 173°. 

fi-Nitronaphthalene,  C10H7NO2,  is  not  formed  by  the  action  of 
nitric  acid  on  naphthalene.  Lellmann  and  Remy  obtained  it 
from  a-naphthylamine  by  converting  the  latter  into  acetonaph- 
thalide,  C10H7.NH(COCH3)  and  nitrating  this,  the  1  :  2-  and  1 : 4- 
nitro-compounds  being  formed.  The  two  nitronaphthylamines, 
C10H6(NO2)NH2,  were  then  prepared  from  the  mixture  and 
separated  ;  the  amido-group  of  the  1  :  2-compound  being  finally 
replaced  by  hydrogen  by  means  of  the  diazo-reaction.2 

It  can  be  much  more  simply  prepared  from  /3-naphthylamine, 
which  is  manufactured  by  heating  /3-naphthol  with  ammonia. 
Seven  parts  of  the  amido-compound  are  dissolved  in  a  boiling 
mixture  of  15  parts  of  nitric  acid  of  specific  gravity  1*4  and 
250  parts  of  water,  the  solution  rapidly  cooled  and  a  solution 
of  12  parts  of  sodium  nitrite  in  40  parts  of  water  added  to  the 
paste  thus  formed.  A  clear  solution  of  /3-diazonaphthyl  nitrite 
is  thus  obtained,  which  is  added  to  cuprous  oxide  suspended 
in  water,  prepared  by  the  reduction  of  copper  sulphate 
by  means  of  grape  sugar  and  caustic  soda  solution.  A 
vigorous  evolution  of  nitrogen  occurs,  and  the  solution  is 
allowed  to  stand  for  some  time  ;  a  little  alcohol  is  then  added  to 
remove  the  voluminous  froth  which  has  been  formed,  and  the 
/9-nitronaphthalene  finally  distilled  off  with  steam.  Sandmeyer 
assumes  that  a  compound  of /3-diazonaphthyl  nitrite  with  cuprous 

1  GuarescM,  Annalen,  222,  284.  =  Bcr.  19,  236  ;  20.  891. 
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oxide  is  formed,  which  readily  decomposes  with  loss  of  nitrogen, 
the  oxynitrosyl  group  being  converted  into  nitroxyl : 1 

C10H7-N N-0-N=0  =  C10H7-N<°>  +  Cu20  +  Nr 

Cu.O.Cu 

/3-Nitronaphthalene  is  readily  soluble  in  alcohol  and  glacial 
acetic  acid  and  crystallizes  in  small,  yellow  needles,  which  have 
a  smell  of  cinnamon  and  melt  at  79°. 

2583  Dinitronaphthalene,  C10H6(NO2)2,  was  obtained  by 
Laurent  by  boiling  naphthalene  with  nitric  acid  and  further  in- 
vestigated by  Marignac  and  other  chemists,  who  considered  the 
substance  to  be  homogeneous,  until  Darmstadter  and  Wichelhaus 
proved  that  it  is  a  mixture  of  two  isomerides.2 

a-Dinitronaphthalene  (1  :  4')  is  prepared  by  covering  100  grms. 
of  naphthalene  with  200  cc.  of  crude  nitric  acid,  adding  160  cc. 
of  sulphuric  acid  after  24  hours  and  heating  the  mixture  for  a 
day  on  the  water-bath.  The  product  is  ground  up,  washed  with 
water,  and  extracted  with  a  little  boiling  carbon  disulphide  to 
remove  a  small  amount  of  mononitronaphthalene ;  it  is  then 
washed  with  acetone  and  repeatedly  boiled  up  with  fresh 
quantities  of  the  latter  to  free  it  from  the  /3-compound,  the 
residue  being  finally  recrystallized  from  boiling  xylene.3 

a-Dinitronaphthalcne  is  scarcely  soluble  in  carbon  disulphide 
and  only  slightly  in  the  other  usual  solvents ;  it  crystallizes 
from  glacial  acetic  acid  in  six-sided  needles,  which  melt  at 
2160.4  It  is  converted  by  hot  dilute  nitric  acid  into  v-nitro- 
phthalic  acid,  S-dinitrobenzoic  acid  and  picric  acid.  On  heating 
with  phosphorus  pentachloride  it  is  converted  into  1 : 4'-dichloro- 
naphthalene. 

ft- Dinitronaphthalene  (1  : 1')  is  more  readily  soluble  in  acetone, 
glacial  acetic  acid,  benzene  and  chloroform  than  the  a-compound 
and  crystallizes  in  rhombic  tablets,  melting  at  170°  (Aguiar). 
It  is  oxidized  by  dilute  nitric  acid,  heated  to  150°,  to  dinitro- 
phthalic  acid,  S-dinitrobenzoic  acid  and  picric  acid,  whilst  when 
treated  with  phosphorus  pentachloride  it  yields  S-trichloro- 
naphthalene  (1  : 4  : 1')  accompanied  by  a  small  quantity  of 
1  :  l'-dichloronaphthalene. 

^-Dinitronaphthalene  (1  :  3)  has  been  prepared  by  Liebermann 

1  Ber.  20,  1494.  -  Annalen,  152,  298. 

3  Beilstein  and  Kurbatow,  Annalen,  202,  21?  "  Aguiar,  Ber.  5,  370. 
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from  dinitro-a-aniidonaphthalene  by  means  of  the  diazo-reaction. 
It  crystallizes  in  small  pale  yellow  needles,  which  melt  at  144° 
and  readily  sublime.1 

8-Dinitronaphthalene  is  prepared  in  the  same  manner  from 
dinitro-yS-amidonaphthalene,  and  forms  light  yellow  needles, 
melting  at  161"50.2 

Naphthocyamic  acid,  C28H18N809,  is  obtained  by  boiling  a 
mixture  of  a-  and  /3-dinitronaphthalenes  with  a  solution  of 
potassium  cyanide  : 

2C10H6N2O4  +  12CNH  +  9H20  = 
C28H18N809  +  4C02  +  8NH3. 

The  free  acid,  liberated  from  the  potassium  salt  by  hydrochloric 
acid,  is  a  dark  brown  precipitate,  which  dries  to  a  lustrous 
black  mass.  This  is  only  slightly  soluble  in  water,  more  readily 
in  alcohol,  to  which  it  imparts  a  brownish-yellow  colour,  whilst 
it  is  freely  soluble  in  amyl  alcohol,  forming  a  dark  reddish 
brown  solution.  The  solutions  are  coloured  green  or  blue  by 
a  very  small  amount  of  any  alkali. 

Potassium  naphthocyamate,  C28H17N809K  +  H20,  is  a  dark 
blue  mass  which  has  a  cupreous  lustre  and  explodes  on  heating. 
It  forms  beautiful  blue  solutions  in  hot  water  and  alcohol,  but 
is  decomposed  with  evolution  of  ammonia  when  the  solution  is 
boiled  with  caustic  potash.3 

2584  a-Trinitronaphthalene,  C10H6(NO2)3,  is  formed  when 
a-dinitronaphthalene  is  boiled  for  several  hours  with  15  parts 
of  nitric  acid  of  specific  gravity  T42 ;  it  crystallizes  from 
glacial  acetic  acid  or  chloroform  in  monosymmetric  pyramids 
and  from  alcohol  in  serrated  plates,  which  melt  at  122c.4 

fi-Trinitronaphthalene  is  obtained  in  a  similar  manner  from 
^8-dinitronaphthalene  (Aguiar) ;  it  has  also  been  obtained  from 
trinitro-a-amidonaphthalene  and  trinitro-/3-amidonaphthalene,5 
but  is  best  prepared  by  gently  boiling  1  part  of  /3-dinitro- 
naphthalene  with  5  parts  of  fuming  nitric  acid  and  5  parts 
of  sulphuric  acid.  The  solution  is  then  poured  on  to  snow, 
the  precipitate  washed  with  ether  and  finally  recrystallized 
from  hot  nitric  acid.6  It  forms  monosymmetric  crystals  and 
melts  at  218°. 

1  Annalen,  183,  274.  "-  Grii.be  and  Drews,  Ber.  17,  1170. 

3  Miihlhauser,  Annalen,  141,  214.  4  Aguiar,  Ber.  5,  370  and  897. 

5  Stadel,  Ber.  14,  898. 

6  Beilstein  and  Kuhlberg,  Annalen,  169,  96- 
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y-Trinitronaphthalene  is  obtained  by  boiling  a-dinitro- 
naphthalene  with  a  mixture  of  nitric  and  sulphuric  acids 
(Beilstein  and  Kuhlberg).  It  crystallizes  in  light  yellow 
lustrous  plates,  which  melt  at  154°  (Aguiar). 

a-Tetranilronaphthalene,  C10H4(NO2)4,  is  formed  by  the  further 
nitration  of  a-dinitronaphthalene  (Aguiar),  and  is  best  prepared 
by  boiling  this  substance  for  several  hours  with  a  mixture  of 
10  parts  of  fuming  nitric  acid  and  fuming  sulphuric  acid 
(Beilstein  and  Kuhlberg).  It  is  only  slightly  soluble  in  the 
usual  solvents,  and  separates  from  chloroform  in  rhombic  crystals, 
which  melt  at  259°  and  detonate  violently  on  heating. 

[S-Tetranitronaphthalene  is  obtained  by  heating  /3-dinitro- 
naphthalene  to  100°  in  a  sealed  tube  with  fuming  nitric  acid. 
It  crystallizes  from  alcohol  in  very  long,  thin  needles,  which  melt 
at  200°  and  explode  violently  when  quickly  heated.1 


THE   CHLORONITRONAPHTHALENES. 

2585  1 : 4-Chloronitronaphthalene,  C^HgC^NCy,  was  ob- 
tained by  Atterberg  by  the  action  of  cold  nitric  acid  on 
a-chloronaphthalene.  It  crystallizes  from  alcohol  in  extremely 
slender  light  yellow  needles,  melting  at  85°.  It  is  gradually 
reduced  to  a-amidonaphthalene  by  tin  and  hydrochloric  acid, 
and  is  converted  into  1  : 4-dichloronaphthalene  by  phosphorus 
pentachloride.2 

2' :  1-Chloronitro7iaphthalene  is  formed  when  rather  more  than 
two  molecules  of  nitric  acid  of  specific  gravity  142  are  added 
to  a  solution  of  one  molecule  of  /3-chloronaphthalene  in 
glacial  acetic  acid,  and  the  mixture  allowed  to  stand  for  a  few 
days.  It  crystallizes  from  alcohol  in  sulphur-yellow  needles, 
melting  at  116°,  and  is  converted  into  1  : 2'-dichloronaphthalene 
by  distillation  with  phosphorus  pentachloride.3 

a-CMorodinitronaphthalene,  C10H5C1(N02)2(1  :  4  :  1'),  is  ob- 
tained when  a-chloronaphthalene  is  gently  heated  with  nitric 
acid;  it  is  readily  soluble  in  alcohol  and  crystallizes  in  long, 
yellow,  soft  needles,  which  melt  at  106°  (Faust  and  Saame, 
Atterberg). 


1  Aguiar  and  Lautemann,  Bull.  Soc.  Chim.  3,  261. 

-  Ber.  9,  926. 

3  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1889,  71. 
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/3-  Chlorodinitronaphthalene  (1:4:  4')  is  formed,  together  with 
the  a-compound,  when  a-chloronaphthalene  is  strongly  heated 
with  fuming  nitric  acid.  It  is  only  slightly  soluble  in  alcohol, 
and  crystallizes  from  glacial  acetic  acid  in  short,  pale-yellow, 
brittle  needles,  which  melt  at  180°. 

Both  these  compounds  are  converted  into  S-trichloronaphtha- 
lene  (1:4: 1')  by  phosphorus  pentachloride  (Atterberg). 

ft-fiichloronitronaphthalene,  C10H6Cl2NO2,  (1:4:  1')  has  been 
prepared  by  the  nitration  of  1  :  4-dichloronaphthalene  ;  it  forms 
crystals  which  melt  at  920.1 

y-Dichloronitronaphthcdene  (1  :  4'  :  4)  is  formed  when  1  : 4'- 
dichloronaphthalene  is  nitrated  with  cold  nitric  acid.  It  is  only 
slightly  soluble  in  alcohol,  and  crystallizes  in  short,  sulphur- 
yellow  prisms,  melts  at  142°,  and  also  yields  8-trichloronaphtha- 
lene  (Atterberg). 

rj-Dinitrochloronaphthalene  was  obtained  by  Cleve  from  1  : 3'- 
dichloronaphthalene  by  the  action  of  nitric  acid  on  its  solution 
in  acetic  acid.  It  crystallizes  in  golden-yellow  needles,  which 
melt  at  119°,  and  are  readily  soluble  in  boiling  alcohol  and  glacial 
acetic  acid.  Phosphorus  pentachloride  converts  it  into  e-tri- 
chloronaphthalene.2 

Several  other  isomerides  of  unknown  constitution  have  also 
been  prepared.3 

The  most  important  of  the  other  chloronitronaphthalenes  are 
given  in  the  following  table  : 


DlCHLORODINITRONAPHTHALENES,   C10H4Cl2(NO2)2 

Melting-point. 

/3-,  long  yellow  needles  4 158° 

7-,  light-yellow  prismatic  needles  5 246° 

S-,  light-yellow  prisms  6 246° 

e-,  pale-yellow,  slender  needles  7 252° 

pale-yellow  flat  needles 8 169'5° 

yellowish  tabular  crystals  9 150° 

very  small,  white  needles  9 158° 

1  Widman,  Bull.  Soc.  Chim.  28,  505.  2  Bull.  Soc.  Chim.  29,  499. 

3  Men,  ibid.  36,  433.  *  Widman,  ibid.  28,  510. 

6  Atterberg,  Ber.  9,  1730.  «  Alen,  loc.  cit. 

7  Ibid. 

9  From  1  :  2-Dichloronaphthalene,  Hellstrbm,  Ber.  21,  3267. 
9  From  1  :  3-Dichloronapnthalene,  Cleve,  Ber.  23,  956. 
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Triniteodichloeonaphthalene,  C10H3Cl2(NO2)3 

Melting-point. 
Pale-yellow  compact  needles * 178" 


Teichlobodinitbonaphthalenes,  C10H3Cl3(NO2)2 

a-,  yellow  prisms  z 178° 

S-,  light-yellow,  slender  needles  s 200° 

e-,  light-yellow,  flat  needles 4 200° 


Teteachlobonitronaphthalene,  C10H3Cl4NO2 
S-,  large  rhombic  tablets  5 154° 

THE    BROMONITRONAPHTHALENES. 

2586  1 : 4-Bromonitronaphthalene,  C10H6BrNO2,  was  obtained 
by  John  by  the  nitration  of  a-bromonaphthalene  ;  it  crystallizes 
in  yellow  needles,  melts  at  85°,  and  is  converted  by  phosphorus 
bromide  into  1  :  4-dibromonaphthalene.6 

1  :  3-Bromonitronaphthalene,  was  prepared  by  Liebermann  and 
Scheiding  from  nitrobromamidonaphthalene.  It  forms  yellow 
needles,  melting  at  132°  and  yields  /3-amidonaphthalene  on 
reduction  with  tin  and  hydrochloric  acid.7 

3  :  \-Bromonitronaphthale7be,  which  was  prepared  by  Meldola 
from  the  isomeric  nitrobromamidonaphthalene,  crystallizes  in 
needles  and  melts  at  131°.  It  is  converted  into  phthalic  acid 
by  oxidation,  and  yields  1  : 3-dibromonaphthalene  when  the 
nitroxyl  group  is  replaced  by  bromine.8 

m-Bromonitronaphthalene  (N02  :  Br  =  1  :  3'  or  1  :  2')  is  formed 
by  the  action  of  bromine  on  a-nitronaphthalene,  and  crystallizes 
from  alcohol  in  yellow  needles,  which  are  only  slightly  soluble 
in  cold  alcohol  and  melt  at  122-5°.  It  is  oxidized  by  potassium 
permanganate  to  a-bromophthalic  acid  and  v-nitrophthahc  acid.9 

1  Cleve,  lot.  cit.  2  "Widman,  lot.  cit.  3  Alen,  loc.  cit.  *  Ibid. 

8  Atterberg  and  Widman,  Ber.  10,  1842.  6  Bull.  Soc.  Chim.  28,  515. 

7  Annalen,  183,  262.  8  Journ.  Chem.  Sos.  1885,  1,  507. 
»  Guarescni,  Annalen,  222.  290. 
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Bromodinitronaphthalene,   C10H6Br(NO2)2,   is   formed   in    two 
modifications   by   the    action    of  cold,    fuming   nitric   acid   on 

a-bromonaphthalene  : 

Melting-point. 
a-,  slender  needles  with  a  vitreous  lustre    .    .       170'5 
/3-,  slender  needles  or  tablets 143° 

Both  these  substances  are  oxidized  by  dilute  nitric  acid  to 
v-nitrophthalic  acid,  whilst  they  are  converted  by  the  action  of 
a  mixture  of  concentrated  sulphuric  acid  and  nitric  acid  into  the 
isomeric  bromotetranitronaphthalenes,1  C10H3Br(NO2)4. 

Melting-point. 
a-,  needles 189° 

ft-,  lustrous  needles 245° 

Dibrom-a-nitronapMhalene,  yellow   needles,2  melting   at  98° 
(3-Dibromonitronaphthalene,  yellow  needles,3  melting  at  116'5° 


THE  IODONITRONAPHTHALENES,  C10H6INO2 

2587  These  substances  were  obtained  by  Meldola  from  the 
amidonitronaphthalenes. 

2  : 1-Iodonitronaphthalene  crystallizes  from  alcohol  in  yellow 
scales,  melts  at  108-5°,  and  is  readily  reduced  to  /3-naphthyl- 
amine. 

1 :  2-Iodonitronapkthalene  forms  light-yellow,  lustrous  needles, 
melting  at  88'5°. 

1  :  4-lodonitronaphthalene  crystallizes  in  microscopic  needles, 
and  melts  at  123°.* 


THE  SULPHONIC  ACIDS  OF  NAPHTHALENE. 

2588  a-NaphthaleTiesulphonic  acid  is  formed,  as  was  found  by 
Faraday,  together  with  the  jS-compound,  by  the  action  of 
sulphuric  acid  on  naphthalene,5  and  also  when  it  is  treated  with 
sulphur  trioxide  6  or  chlorosulphonic  acid.7     In  order  to  prepare 

1  Merz  and  Weith,  Ber.  15,  2708.  2  Guareschi,  loc.  eit. 

3  Jolin,  loc.  cit.  *  Journ.  Chem.  Soc.  1885,  1    497. 

5  Phil  Trans.  1826,  2,  140 ;  Fogg.  Ann.  7,  104. 

6  Wohler  and  Liebig,  Pogg.  Ann.  24   169. 

7  Armstrong,  Zcilsch.  Chem.  1871,  322  ;  Proc.  Chem.  Socl  1887-1888,  146 
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it,  4  parts  of  naphthalene  are  heated  to  80°  -with  3  parts  of 
sulphuric  acid  for  8  to  10  hours,  and  the  mixture  then  poured 
into  ten  times  its  weight  of  hot  water.  After  cooling,  the  un- 
altered naphthalene  is  filtered  off  and  the  solution  neutralized 
with  lead  carbonate.  On  evaporation,  the  salt  of  the  /8-acid 
crystallizes  out  first  and  then  that  of  the  a-acid,  which  is  dis- 
solved in  10  to  12  parts  of  boiling  alcohol,  the  greater  part  of  the 
adhering  /3-salt  being  thus  left  undissolved.1  The  acids  can  also 
be  separated  by  means  of  their  calcium  salts,  but  these  cannot, 
like  the  lead  salts,  be  distinguished  by  their  appearance.2 

a-Naphthalenesulphonic  acid  is  a  deliquescent  crystalline  mass, 
which  melts  at  85 — 90°,3  and  dissolves  readily  in  alcohol,  but  is 
almost  insoluble  in  ether.  When  it  is  heated  to  200°  with  con- 
centrated hydrochloric  acid  it  decomposes  into  sulphuric  acid  and 
naphthalene,  and  it  is  to  a  large  extent  converted  into  the  y3- 
acid  by  heating  with  sulphuric  acid.  Potassium  permanganate 
oxidizes  it  to  phthalic  acid.4 

Its  salts  have  been  investigated  by  Eegnault  and  Merz. 
Calcium      a-naphthalenesulphonate,     (C10H7SO3)2Ca  +  2H20, 
crystallizes  in  plates,  which  dissolve  at   11°  in   16'5  parts  of 
water  and  19'5  parts  of  85  per  cent,  alcohol. 

Barium  a-naphthalenesulphonate,  (C10H7SO3)2Ba  +  H20,  also 
crystallizes  in  plates,  and  dissolves  at  10°  in  87  parts  of  water 
and  350  parts  of  alcohol. 

Lead  a-naphthalenesulphonate,  (C10H7SO3)2Pb  +  3H20,  forms 
small  lustrous  plates,  and  dissolves  at  10°  in  27  parts  of  water 
and  11  parts  of  alcohol. 

a-Naphthalenesulphochloride,  C10H7SO2Cl,  crystallizes  from 
ether  in  small  plates,  which  melt  at  66°  and  are  gradually  de- 
composed by  cold  water.5  When  chlorine  is  passed  into  its  solu- 
tion in  carbon  disulphide,  the  tetrachloride,  C10H7Cl4.SO2Cl,  is 
formed  as  a  yellow  oil  which  is  decomposed  by  alcoholic  potash 
into  hydrochloric  acid  and  dichloronaphthalenesulphonic  acid.6 

When  sodium  amalgam  is  added  to  a  hot  ethereal  solution  of 
the  sulphochloride,  the  sodium  salt  of  a-naphthalenemlphinic  acid, 
C10H7.SO2H,  is  formed.  The  free  acid  crystallizes  in  lustrous 
scales,  which  are  only  slightly  soluble  in  water  acidulated  with 

1  Merz,  Zcitsch.  Chem.  1868,  394  ;  Merz  and  Weith,  Ber.  3,  195. 

2  Merz  and  Muhlhauser,  Ber.  3,  709. 

3  Regnault  J.  Br.  Chem.  12,  99. 

4  Beilstein  and  Kurbatow,  Armalen,  202,  216. 

5  Maikopar,  Zeilsch.  Chem.  1869,  711  ;  Kimberly,  Annalen,  114,  131. 

6  Widman,  Ber.  12,  2220. 
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hydrochloric  acid  and  are  decomposed  at  180°  by  dilute  hydro- 
chloric acid  into  sulphur  dioxide  and  naphthalene.1 

a-Naphthalenesulphamide,  C10H7(SO2.NH2),  is  a  crystalline 
mass,  which  melts  at  150°,  is  very  readily  soluble  in  water  and 
is  oxidized  by  potassium  permanganate  to  v-sulphophthalic  acid 
and  v-sulphaminephthalic  acid. 

[i-Naphihalenesulplionic  acid  is  obtained,  according  to  Merz 
and  Weith,  when  the  mixture  employed  for  the  preparation  of 
the  a-acid  is  heated  to  160°.  The  hot  solution  is  diluted  with 
water,  treated  with  milk  of  lime  and  then  with  chalk  until  neutra- 
lized, and  finally  filtered.  On  cooling,  calcium  /3-naphthalene- 
sulphonate  separates  out,  a  further  crop  being  deposited  when 
the  mother  liquors  are  concentrated.  The  last  deposit  contains, 
in  addition  to  the  /3-  and  a-salts,  calcium  naphthalenedisul- 
phonate  and  tarry  products. 

/3-Naphthalenesulphonic  acid  crystallizes  in  plates,  which  are 
not  deliquescent,  and  is  not  decomposed  by  hydrochloric  acid 
even  at  200°.  Potassium  permanganate  oxidizes  it  in  acid  or 
neutral  solution  to  phthalic  acid  (Beilstein  and  Kurbatow). 

Sodium  /3-naphthalenesulphonate,  C10H7SO3Na,is  manufactured 
by  heating  equal  parts  of  naphthalene  and  sulphuric  acid  for 
several  hours  to  200°,  pouring  the  product  into  water,  filtering 
and  neutralizing  the  boiling  solution  with  milk  of  lime.  The 
filtrate  is  precipitated  with  a  solution  of  sodium  carbonate  and 
the  solution  evaporated.  The  sodium  salt  is  thus  obtained  in 
small  plates  which  are  freed  from  their  mother  liquor  on  the 
centrifugal  drier.  It  is  employed  for  the  preparation  of  j3- 
naphthol. 

Calcium  ft-naphtlialenesidphonate,  (C10H7SOs)2Ca,  crystallizes 
in  small  plates,  which  dissolve  at  10°  in  76  parts  of  water  and 
437  parts  of  85  per  cent,  alcohol. 

Barium  /3-naphthalenemlphonate,  (C10H7SO3)JBa  +  H20,  dis- 
solves at  the  same  temperature  in  290  parts  of  water  and  1950 
parts  of  alcohol ;  it  also  crystallizes  in  small  plates. 

Lead  fi-naphthalenesidphonate,  (C10H7SO3)2Pb,  crystallizes  in 
small  hard  scales,  which  contain  varying  amounts  of  water.  It 
dissolves  at  10°  in  113  parts  of  water  and  in  305  parts  of  alcohol. 

fi-Naphthalenesidphochloride,  C10H7(SO2Cl),  forms  small  plates, 

melting  at  76°,  which  are  less  readily  soluble  in  ether  than  those 

of  the  a-compound   (Maikopar).      Like  the   latter  it  forms   a 

tetrachloride,  which  crystallizes  from  chloroform  in  hard,  lustrous 

1  Gessner,  Ber.  9,  1500. 
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cubes,  melting  at  131°,  and  is  converted  by  alcobolic  potash  into 
a  dichlorosulphonic  acid  (Widman). 

Sodium  amalgam  added  to  an  ethereal  solution  of  the  sulpho- 
chloride  converts  it  into  ft-naphthalenemUphinic  acid,  C10H7SO2H, 
a  dull,  microcrystalline  powder,  which  is  rather  freely  soluble  in 
pure  water,  and  is  decomposed  into  sulphur  dioxide  and  naph- 
thalene by  hydrochloric  acid  at  170°  (Gessner). 

0-Naphthale.nesulphamide,  C10H7(SO2NH2),  crystallizes  in 
small,  thin  plates,  melting  at  217°,  which  are  only  slightly 
soluble  in  water  and  ether,  and  are  oxidized  by  potassium  per- 
manganate to  a-sulphophthalic  acid  and  a-sulphaminephthalic 
acid.1 

2589  NaphthalenedisulpJwnic  acids,  C10H6(SO3H)2.  Berzelius  2 
obtained  an  acid  of  this  composition  by  heating  naphthalene 
with  sulphuric  acid,  and  Dusart,3  employing  a  different  method 
of  purification,  obtained  a  similar  substance.  This  led  Ebert  and 
Merz  to  think  that  these  acids  were  probably  isomeric,  a  sup- 
position which  was  confirmed  by  their  investigations.4  Later 
researches  have  shown  that  a  third  acid  is  simultaneously 
formed.  In  order  to  prepare  them,  naphthalene  is  heated  to  160° 
for  four  hours  with  five  times  its  weight  of  sulphuric  acid,  the 
product  converted  into  a  mixture  of  calcium  salts,  and  the  solu- 
tion of  these  evaporated  to  a  small  bulk.  Common  salt  is  then 
added,  and  the  liquid  heated  to  boiling  and  filtered  from  the 
residue,  which  consists  of  the  salt  of  the  /3:acid  ;  the  filtrate  on 
cooling  deposits  the  a-salt  as  a  crystalline  paste,  and  the  mother 
liquors  from  this  yield  the  7-salt  on  further  evaporation.5  The 
pure  acids  are  obtained  by  converting  the  calcium  salts  into 
potassium  salts,  and  preparing  from  these  the  corresponding 
sulphochlorides,  which  are  purified  by  recrystallization  from 
benzene,  and  finally  converted  into  the  acids  by  the  action  of 
hydrochloric  acid  at  150°. 

2  : 2'-  or  a-Naphthalenedisulphonic  acid,  is  formed  in  large 
quantity  when  naphthalene  is  heated  to  180°  with  sulphuric 
acid.  It  crystallizes  in  long  deliquescent  needles,  which  are  only 
slightly  soluble  in  cold  concentrated  sulphuric  acid.  Its  salts  are 
more  readily  soluble  in  water  and  alcohol  than  those  of  the  fi- 
acid.  On  fusion  with  caustic  potash  ( it  yields  2  :  2'-hydroxy- 
naphthalene. 

1  Maikopar,  lot.  cit.  ;  Cleve,  Bull.  Soc.  Chim.  25,  258.  a  Annalen,  28,  9. 

»  Compt.  Bend.  64,  859.  *  Ser.  9,  592. 

6  Landshoff  and  Meyer,  Chem.  Zeit.  13,  1162. 
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a-Naphthalenedisulphochloride,  C10H6(SO2Cl)2,  is  readily  soluble 
in  benzene,  and  crystallizes  in  transparent  four-  or  six-sided 
tablets,  meltiug  at  1620.1  When  it  is  heated  with  phosphorus 
pentachloride  it  yields  2  :  2'-dichloronaphthalene. 

The  amide  forms  lustrous  needles  and  melts  at  242 — 243°. 

2  : 3'-  or  {3-Naphthalenedisulphonic  acid  crystallizes  in  small 
plates,  which  deliquesce  slowly  in  the  air.  Like  the  a-compound, 
it  is  decomposed  at  200°  by  water  into  sulphuric  acid  and  naph- 
thalene. Phosphorus  pentachloride  converts  it  into  2 : 3'- 
dichloronaphthalene. 

j3-Naphthalenedisulphochloride  is  slightly  soluble  in  benzene, 
and  crystallizes  in  small  needles,  which  melt  at  226°. 

The  amide  is  only  very  slightly  soluble  in  water  and  does  not 
melt  below  305°. 

1  : 4'-  or  <y-Naphthalenedisulphonic  acid  was  obtained  by 
Armstrong  by  the  action  of  chlorosulphonic  acid  on  naphthalene  ; 
it  is  also  formed  when  an  intimate  mixture  of  naphthalene, 
sulphur  trioxide  and  sand  is  well  shaken  up.2  It  crystallizes 
from  water  in  lustrous,  white  plates,  which  are  not  hygroscopic.3 
On  fusion  with  caustic  potash  it  is  converted  into  1  : 4'-di- 
hydroxynaphthalene,  whilst  with  phosphorus  pentachloride  it 
yields  1  : 4'-dichloronaphthalene,  melting  at  107°. 

The  sodium  salt  of  the  acid  crystallizes  in  thin  tablets  or  forms 
large,  monosymmetric  crystals.  When  the  acid  is  very  gradually 
heated  to  170 — 180°,  naphthalene  sublimes  and  /3-naphthalene- 
sulphonic  acid  remains  behind.4 

The  y-disulphonic  acid  is  therefore  formed  at  a  low  tempera- 
ture from  the  a-naphthalenesulphonic  acid,  which  is  the  first 
product,  but  passes  at  a  higher  temperature  into  the  /3-acid, 
from  which  the  other  disulphonic  acids  are  then  derived. 

<y-Naphthalenedisulphochloride,  forms  small  prisms,  which  be- 
come opaque  in  the  air  and  melt  at  183°. 

1  :  3-  or  m-Naphthalenedisulphonic  acid  has  been  obtained  by 
Armstrong  and  Wynne  from  /8-naphthylaminedisulphonic  acid  Gt 
by  the  replacement  of  the  amido-group  by  hydrogen.  It 
forms  a  very  soluble  potassium  salt,  which  crystallizes  with 
two  molecules  of  water  in  small  prisms. 

m-Naphthalenedisulphochloride   crystallizes   from   benzene   in 

1  Armstrong,  Ber.  15,  204. 

2  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1886,  42. 

*  Ewer  and  Pick,  Schultz,  Stcinkohlcnthcer,  2, 1012. 

*  Armstrong  and  "Wynne,  Proc.  Chem.  Soc.  1887,  146. 


DINAPHTHYLSULPHONE  67 

prisms,  and  from  acetic  acid  in  prismatic  needles,  melting  at 
147°.  On  distillation  with  phosphorus  pentachloride  it  yields 
1  : 3-dichloronaphthalene.1 

1  : 3' ' -Naphthalenedisulphonic  acid  is  formed  by  the  action  of 
chlorosulphonic  acid  on  /3-naphthalenesulphonic  acid.2  Its 
sodium  salt  C10He(SO3Na)2  +  7H20,  crystallizes  in  long,  broad 
needles  and  its  chloride  in  aggregates  of  small  needles,  melting 
at  127°.  On  heating  with  phosphorus  pentachloride  it  is  con- 
verted into  1  :  3'-dichloronaphthalene,  melting  at  48°. 

1  : 2 ' -Naphthalenedisidphonic  acid  has  been  obtained  from 
1:4:  3'-naphthylaminedisulphonic  acid  by  replacement  of  the 
amido-group  by  hydrogen.  Its  chloride  crystallizes  from  ben- 
zene, in  which  it  is  readily  soluble,  in  prismatic  forms,  and  from 
acetic  acid  in  beautiful  glistening  plates.  It  melts  at  122-5°, 
and  on  distillation  with  phosphorus  pentachloride  yields  1 :  2'-di- 
chloronaphthalene.3 

Naphthalenetrisulphonic  acid  has  been  obtained  by  Baeyer's 
hydrazine  reaction  from  a-naphthylaminetrisulphonic  acid.  Its 
chloride  crystallizes  from  a  mixture  of  benzene  and  light  petro- 
leum in  small  prisms  melting  at  about  191°.4 

Naphthalenetctrasulphonic  acid,  C10H4(SO3H)4  -f  4H20,  was 
obtained  by  Senhofer  by  heating  naphthalene  with  sulphuric 
acid  and  phosphorus  pentoxide  to  26  0°.5  It  is  also  formed 
when  naphthalene  is  heated  for  some  time  to  160°  with  five 
times  its  weight  of  fuming  sulphuric  acid,  containing  40  per 
cent,  of  trioxide.6 

It  crystallizes  in  coarse  prisms,  which  are  readily  soluble  in 
water  but  with  difficulty  in  cold  alcohol,  and  are  insoluble  in 
ether.  The  barium  salt  forms  oblique  prisms  containing  water 
of  crystallization. 

Binaphthylsulphone,  (C10H7)2SO2,  was  obtained  by  Berzelius, 
together  with  naphthalenesulphonic  acid  by  heating  naphthalene 
with  sulphuric  acid.7  It  was,  however,  found  by  Stenhouse  and 
Groves  that  two  isomerides  are  thus  formed,  which  separate  out 
with  the  unaltered  naphthalene  in  the  preparation  of  /3-naph- 
thalenesulphonic acid.8 

1  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  13  ;  Ghem.  News,  61,  92. 
!  Proc.  Chem.  Soc.  1886,  231  ;  1889,  10 ;  1890,  17 ;  Chem.  Kews,  61,  93. 

3  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  126. 

4  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  125. 

5  Bcr.  8    I486  ;  MoncUsh.  Chem.  3,  112. 

e  Farbenfab.  vorm.  Baeyer  and  Co.  ;  Schultz,  Sfeinkohlenlheer,  2,  1003. 

7  Annalen,  28,  9  ;  Gercke,  Annalen,  100,  216.  s  Bcr.  9,  682. 
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In  order  to  prepare  them,  naphthalene  is  heated  with  three 
times  its  weight  of  sulphuric  acid  to  180°  until  no  more  water  is 
given  off;  the  mixture  is  then  allowed  to  cool  to  100°,  four  parts 
of  boiling  water  added  and  the  upper  layer  distilled  with  steam 
until  no  more  naphthalene  comes  over.  The  residue  is  finally 
extracted  with  boiling  carbon  disulphide. 

a-fi-Dinaphthylsulphone  separates  from  this  solution  in  oblique, 
hard,  transparent  prisms,  which  are  moderately  soluble  in  hot 
alcohol  and  melt  at  123°. 

/3-/3-Dinaphthylsulphone  is  insoluble  in  carbon  disulphide  and 
crystallizes .  from  boiling  alcohol,  in  which  it  is  only  slightly 
soluble,  in  silky  needles,  which  melt  at  177°.  When  it  is  heated 
to  180°  with  phosphorus  pentachloride,  /3-naphthalenesulpho- 
chloride  and  /3-chloronaphthalene  are  formed.1 

The  a-/3-  and  /3-/3-sulphones  can  also  be  obtained  by  the 
oxidation  of  the  corresponding  sulphides. 

a-a-Dinaphthylsulphoxide,  (C10H7)2SO,  is  obtained  by  the 
partial  oxidation  of  the  corresponding  sulphide.  It  separates 
from  alcohol  in  coarse  white  crystals  and  melts  at  164-5°. 

a-a-Dinaphthylsulphone  melts  at  187°.2 

a-Naphthylphenylsulphone,  C10H7SO2C6H6,  is  formed,  together 
with  the  following  compound,  when  naphthalene  is  heated 
to  170 — 190°  with  benzenesulphonic  acid  and  phosphorus  pent- 
oxide.3  The  two  substances  are  separated  by  recrystallization 
from  a  mixture  of  ether  and  alcohol,  from  which  the  a-com- 
pound  is  the  first  to  separate.  It  forms  dull,  rhombohedral 
crystals,  melting  at  99-5 — 100'5°. 

fi-Naphthylphcnylsulphone  is  also  obtained  by  heating 
/3-naphthalenesulphonic  acid  with  benzene  and  phosphorus 
pentoxide.  It  crystallizes  in  fan-shaped  aggregates  of  lustrous 
needles,  which  melt  at  115 — 116°. 

1  Cleve,  Bull.  Soc.  Chim.  25,  25. 

2  Krafft,  Ber.  23,  2367.     Cf.  Ekstrand,  Ber.  17,  2601. 

3  Michael  and  Adair,  Ber.  10,  583. 
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2590  1 -A-Chloronajohthalenesnlphonic  acid,  C10H6Cl(SO3H),was 
obtained  by  Zinin  by  heating  a-chloronaphthalene  to  140°  with 
sulphuric  acid,1  and  has  been  prepared  by  Cleve  from  naph- 
thionic  acid.2  It  forms  a  soft,  buttery  mass,  readily  soluble  in 
water  and  alcohol ;  its  salts  and  other  derivatives  have  been 
investigated  by  Arnell.3 

1 :  4>-Chloronaphthalenesulphochloride,  C10H6Cl(SO2Cl),  crys- 
tallizes from  benzene  in  prisms,  melting  at  95°,  and  is  converted 
into  1  : 4-dichloronaphthalene  by  heating  with  phosphorus 
pentachloride. 

The  amide  melts  at  196 — 197°.  The  ethyl  ester  forms  mono- 
symmetric  tablets,  melting  at  67"5°,  whilst  the  methyl  ester 
crystallizes  in  needles  and  melts  at  70°. 

1  :  4>'-Chloronaphthalenesulphonic  acid  has  been  obtained  by 
Armstrong  and  Wynne  from  chloro-/3-naphthylaminesulphonic 
acid  (1:2:  4')  by  replacing  the  amido-group  by  hydrogen  4  and 
by  Cleve  from  diazo-a-naphthalenesulphonic  acid.5  It  is  also 
formed,  together  with  the  preceding  compound,  by  the  direct 
sulphonation  of  a-chloronaphthalene  at  160°,  and  is  probably 
derived  from  the  1  : 4-acid,  which  is  formed  at  lower  tempera- 
tures, by  isomeric  change.6  Its  chloride  crystallizes  from  benzene 
in  small  prisms,  melting  at  95°.  Phosphorus  pentachloride 
converts  it  into  1  :  4'-dichloronaphthalene. 

ry-Chloronaphthalenesulphonic  acid  was  obtained  by  Cleve  by 
heating  7-diazonaphthalenesulphonic  acid  with  hydrochloric 
acid.  Its  chloride  forms  crystals,  melting  at  106°.7  It  is 
probably  the  1  :  3-derivative. 

1  :  l'-CMoronaphihalenesulphonic  acid  is  formed  by  the  action 
of  phosphorus  pentachloride  on  the  potassium  salt  of  1 : 1'- 
nitronaphthalenesulphonic  acid  suspended  in  carbon  disulphide.8 
The  larium  salt  crystallizes  with  two  molecules  of  water  in 
soluble,  pearly  scales.  The  sulphochloride  separates  from 
benzene  in  thin,  colourless  plates,  melting  at  101°. 

1  J.  Pr.  Chem.  33,  36.  3  Bcr.  20,  73. 

3  JBeilstein's  Sando.  2,  153.  *  Proc.  Chem.  Soc.  1888,  105,  49. 

6  Ber.  20,  72. 

6  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  87  ;  Chem.  News,  61,  285. 

7  Ber.  21,  3271.  8  Cleve,  Ber.  23,  962. 
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1  :  2'-Chlorosulphonic  acid  was  obtained  by  Armstrong  and 
Wynne  from  1:2: 2'-chloronaphthylaminesulphonic  acid.  It 
yields  a  chloride  which  crystallizes  from  a  mixture  of  benzene 
and  light  petroleum  in  long  prisms,  melting  at  93 — 94°,  and 
is  converted  by  phosphorus  pentachloride  into  1  :  2'-dichloro- 
naphthalene. 

1  :  Z' -Chloronaphthahnesulphonic  acid  was  prepared  in  a  similar 
manner  from  1:2:  3'-chloronaphthylaminesulphonic  acid,  and 
has  also  been  obtained  from  /3-nitronaphthalenesulphonic  acid.1 
Its  chloride  crystallizes  from  benzene  in  small  plates  which 
unite  to  form  opaque  hemispherical  aggregates,  melting  at 
112 — 113°,  and  yields  1  :  3'-dichloronaphthalene,  melting  at  48°, 
on  treatment  with  phosphorus  pentachloride. 

2  :  2> -Chloronaphthahnesulphonic  acid  is  formed,  together  with 
the  following  compound,  when  /3-chloronaphthalene  is  heated 
with  slightly  fuming  sulphuric  acid ;  the  two  acids  are  separated 
by  means  of  their  lead  salts,  that  of  the  2  :  3' -acid  being  the 
less  soluble.2  Its  chloride  crystallizes  in  prisms,  which  melt  at 
108"5 — 109'5°,  and  is  converted  into  2  :  3'-dichloronaphthalene 
by  heating  with  phosphorus  pentachloride. 

2  :  V  -Chloronaphthahnesulphonic  acid  has  also  been  prepared 
from  the  corresponding  naphthylaminesulphonic  acid  by  the 
diazo-reaction.3  Its  chloride  crystallizes  in  needles,  melts  at 
129°  and  yields  1  :  2'-dichloronaphthalene. 

This  acid,  accompanied  by  a  smaller  quantity  of  the  2  :  3'- 
acid,  is  the  product  of  the  action  of  chlorosulphonic  acid  on 
/3-chloronaphthalene  in  the  cold. 

2  :  2' ' -Chloronaphthahnesulphonic  acid  has  been  obtained  from 
the  corresponding  naphthylaminesulphonic  acid  by  means  of  the 
diazo-reaction  (Armstrong  and  Wynne).  The  chloride  crys- 
tallizes from  benzene  in  prisms,  melting  at  86°,  and  yields  2  :  2'- 
dichloronaphthalene  (melting  at  114°)  on  heating  with  phos- 
phorus pentachloride. 

2  :  4' ' -Chloronaphthahnesulphonic  acid  is  prepared  in  the  same 
way  as  the  preceding  compound.  The  chloride  crystallizes  from 
a  mixture  of  benzene  and  light  petroleum  in  prisms,  melting  at 
70°.  On  heating  with  phosphorus  pentachloride  it  is  converted 
into  1  :  3'-dichloronaphthalene,  melting  at  48°. 

1:4: I'-Lichloronaphthahne-ft-sulphonic  acid,  C10H6Cl2(SO3H) 

1  Cleve,  Ber.  20,  74. 

2  Arnell,  Bull.  Soc.  Chim.  45,  184. 

s  Forsling,  Ber.  19,  1715  ;  20,  2100  ;  21,  2802. 
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was  obtained  by  Widman 1  from  the  tetrachloride  of  /3- 
naphthalenesulphonic  acid,  C6H4C14.C4H3(S0SH),  by  the  action 
of  alcoholic  potash,  and  is  also  formed  by  the  action  of  chloro- 
pulphonic  acid  on  1  : 4-dichloronaphthalene.2  It  solidifies  to  a 
gelatinous  mass  when  its  solution  is  cooled  and  gives  a  chloride 
which  melts  at  132°,  and  is  converted  into  1:4:  2'-trichloro- 
naphthalene  (£)  by  distillation  with  phosphorus  chloride. 

1:3:  i'-Dichlor-a-naphthalenesulphonic  acid,  is  obtained  from 
the  a-sulphonic  acid  in  a  similar  manner,3  and  is  also  formed 
by  the  sulphonation  of  1  :  3-dichloronaphthalene.  It  crystallizes 
in  long,  flat,  lustrous  needles,  and  is  converted  by  phosphorus 
pentachloride  into  a  chloride  which  crystallizes  in  prisms  or 
needles,  melting  at  148-5°,  and  yields  the  corresponding  1:3:4'- 
trichloronaphthalene  (7). 

The  following  dichloronaphthalenesulphonic  acids  are  also 
known.  They  are  formed  by  the  sulphonation  of  the  dichloro- 
naphthalenes,  and  yield  the  corresponding  trichloronaphthalenes 
on  distillation  with  phosphorus  pentachloride.4 

Melting-point 
CI  :  CI  :  SO3H  Chloride.  of  chloride. 

1  :  1'  :  4    minute  aggregates 114° 

1  :  4'  :  3    long  thin  plates 139-5° 

1:2   :  4'  large  prismatic  crystals 104° 

1:2   :  3'    aggregates  of  small  prisms 167'5° 

1:3   :  2'  long  four-sided  prisms    ........       121° 

1  :  2'  :  4    slender  needles  becoming  opaque  in  the  air      118° 

1  :  3'  :  4   magnificent  prisms 151° 

2:3   :  1'  lustrous  slender  ribbons      142° 

2  :  2'  :  3    elongated  prisms 163-5 

2  :  3'  :  4    radiate  groups  of  slender  prismatic  needles       136° 

In  addition,  a  number  of  chloronaphthalenedisulphonic  acids 
has  been  prepared  by  the  sulphonation  of  the  chloronaphthalene- 
sidphonic  acids.5 

Melting-point 


CI 
2 
2 


SO3H 
3' 

2' 


SO3H  Chloride.  of  chloride. 

4      bundles  of  slender  needles     .    .    .    148° 
4      radiate   groups   of  flat   prismatic 

needles 1'^ 


1  Ber.  12,  963. 

2  Armstrong  and  Wynne,  Troc.  Chem.  Soc.  1890,  81  ;  Chem.  News,  61,  273. 

3  jger_  12   2231.  *  Armstrong  and  "Wynne,  loc.  tit. 
s  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  131. 
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Several  isomerides  have  moreover  been  obtained  from  the 

corresponding  naphthylaminedisulphonic  acids  by  means   of  the 

diazo-reaction  : 1 

Melting-point 
Chloride.  of  chloride. 

minute  needles 126 — 127° 

glistening  flat  plates 135° 

small  opaque  aggregates    .    .    .         176° 

needles 169° 

radiate  groups  of  small  prisms        156° 

flat  needles 158° 


Dl 

S03H 

S03H 

1 

4 

3' 

l 

4 

1' 

2 

3 

2' 

2 

1' 

3' 

2 

4' 

2' 

2 

1 

4' 

2 

1 

3' 

small  prisms    .......      124-5 — 11 


a-CMoronaphthalenetrisulphonic  acid,  C10H4Cl(SO3H)3,  has 
been  obtained  from  a-naphthylaminetrisulphonic  acid  by  the 
diazo-reaction.  Its  chloride  crystallizes  from  benzene  in  minute 
prisms,  melting  at  215°. 


BROMONAPHTHALENESULPHONIC  ACIDS. 


2591  1  :  4<-Bromonaphilialenesulp)honic  acid,  C10H6Br(SO3H), 
was  obtained  by  Laurent  by  heating  a-bromonaphthalene  with 
fuming  sulphuric  acid,2  and  was  further  investigated  by  Otto  and 
Mories,3  and  by  Darmstiidter  and  Wichelhaus.4  It  crystallizes 
in  broad,  smooth  needles,  which  melt  at  138 — 139°,  and  are 
readily  soluble  in  water  and  alcohol,  but  only  very  slightly  in 
ether.  When  its  potassium  salt  is  heated  with  an  excess  of 
phosphorus  bromide,  1  :  4-dibromonaphthalene  is  formed  (John). 

1  :  k-BromonapKthalenesiolp'hocliloride,  C10H6Br(SO2Cl),  crystal- 
lizes from  benzene  in  well  developed  prisms,  melting  at  86 — 87°.5 
In  attempting  to  prepare  this  substance  by  the  action  of  phos- 
phorus pentachloride  on  the  sodium  salt,  Gessner  obtained  the 
isomeric  chloronaphthalcnesulphobromide,  C10H6Cl(SO2Br),  which 
crystallizes  in  needles  and  melts  at  115 — 116°.6 

1  :  k-Bromonaphthalaiesulphobromide,  C10H6Br(SO2Br),  crystal- 
lizes in  rhombic  tablets  which  melt  at  114-5°  (John). 

1  Armstrong  and  "Wynne,  Proc.  Chem.  Soc.  1890,  PP-  125  et  seq. 

2  Annalen,  72,  298.  3  Annalen,  147,  184. 

4  Annalen,  152,  302.  6  Bull.  Soc.  Chim.  28,  516. 

6  Bcr.  9,  1514. 
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1 :  i'-Bromonapkthalenesulphonic  acid  is  formed,  together  -with 
1  : 4'-  and  1  :  2'-dibromonaphthaleiies,  when  bromine  is  added 
to  a  solution  of  a-naphthalenesulphonic  acid.  On  evaporation 
of  the  solution  it  remains  as  a  syrup,  which  solidifies  in  a 
vacuum  to  a  crystalline  mass,  readily  soluble  in  alcohol  but 
almost  insoluble  in  ether  (DarmstJidter-  and  Wichelhaus).  When 
its  potassium  salt  is  heated  with  an  excess  of  phosphorus 
pentabromide,  1  :  4'-dibromonaphthalene  is  formed  (Jolin). 
Its  chloride  crystallizes  from  benzene  in  prisms,  melting  at 
90°. 

2  :  1' -Bromonaphthalenesulphonic  acid  was  obtained  from  j3- 
naphtlrylamine-a-sulphonic  acid ;  its  potassium  salt,  C10H6Br 
(S03K)  +  H20,  forms  a  crystalline  powder  which  is  converted 
by  phosphorus  pentabromide  into  the  bromide,  C10H6Br(SO2Br). 
The  latter  crystallizes  from  chloroform  in  broad  needles,  melting 
at  151°,  and  when  heated  with  phosphorus  pentabromide  yields 
1 : 2'-dibromonaphthalene.1 

The  same  acid  is  the  chief  product  of  the  action  of  sulphuric 
acid  on  /3-bromonaphthalene,2  the  2  :  3'-acid  being  also  formed 
in  small  quantity. 

2  :  ^'-Bromonaphthalenesulphonic  acid  has  been  prepared  from 
/3-naphthylamine-/3-sulphonic  acid ;  it  is  very  soluble  in  water, 
but,  on  the  other  hand,  its  salts  are  only  slightly  soluble ; 
the  potassium  salt,  2C10H6Br(SO3K)  +  H20,  is  a  crystalline 
powder.  The  bromide  crystallizes  from  a  mixture  of  ether 
and  chloroform  in  prisms,  which  melt  at  118°,  and  are  converted 
by  phosphorus  pentabromide  into  2  :  3'-dibromonaphthalene 
(Forsling). 

2  :  4' -Bromonaphthalenesulphonic  acid  was  obtained  by  Sindall 
from  yS-naphthylamine-y-sulphonic  acid  ;  its  chloride  crystallizes 
from  light  petroleum  in  small  prisms  melting  at  77°. 

2 : 2! -Bromonaphthalenesulphonic  acid  was  prepared  in  the 
same  way  from  the  S-sulphonic  acid ;  its  chloride  separates  from 
benzene  in  compact  oblique  prisms,  and  melts  at  100°. 

Bromo-fS-naphthalenesulphonic  acid  is  obtained,  unaccompanied 
by  any  brominated  naphthalenes,  by  the  action  of  bromine  on 
/3-naphthalenesulphonic  acid.  It  forms  a  crystalline  mass,  which 
is  readily  soluble  in  alcohol,  water  and  ether,  and  melts  at  62° 
(Darmstadter  and  Wichelhaus). 

Dibromo-fi-naphthalenesulphonic     acid,     C10H6Br2(SO3H),     is 

1  Forsling,  Ser.  22,  1401. 

5  Sindall,  Proa.  Clusm.  Soe.  1889,  US. 
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formed  when  an  excess  of  bromine  is  employed,  and  is  a 
crystalline  mass  which  is  converted  by  phosphorus  bromide  into 
<y-tribromonaphthalene  (John). 


IODONAPHTHALENESULPHONIC  ACIDS, 

C10H6I(SO8H). 

2592  These  compounds  have  been  prepared  from  the  cor- 
responding naphthylaminesulphonic  acids. 

2  : 4' '  -IodonapMhalenesulphonic  acid  is  also  formed  in  small 
quantity  by  the  action  of  chlorosulphonic  acid  on  /3-iodonaph- 
thalene  ;  its  chloride  melts  at  92'5°. 

2  : 1' -IodonapMhalenesulphonic  acid  is  the  chief  product  of  the 
action  of  chlorosulphonic  acid  on  /3-iodonaphthalene ;  its  chloride 
melts  at  164—165°. 

2  :  3' -IodonapMhalenesulphonic  acid  forms  a  chloride,  melting  at 
140°,  and  is  the  sole  product  when  /3-iodonaphthylamine  is  heated 
to  150°  with  chlorosulphonic  acid,  both  of  the  preceding  iso- 
merides  being  converted  into  it  at  this  temperature. 

2  :  2' ' -IodonapMhalenesulphonic  acid,  is  not  formed  by  the 
sulphonation  of  /3-iodonaphthalene ;  its  chloride  crystallizes 
from  benzene  in  small  prisms,  melting  at  lOO".1 


FLUONAPHTHALENESULPHONIC  ACID. 

2  5  93  1  :  4 ' -Fluonaphthalenesulphonic  acid  has  been  prepared 
from  the  corresponding  amido-acid  by  means  of  the  diazo- 
reaction.  It  crystallizes  in  small,  lustrous  plates,  and  is  a 
strong  acid,  but  gives  salts  which  crystallize  badly.  Its  ethyl 
ester  forms  large  prisms,  melting  at  79°,  and  the  chloride,  which 
crystallizes  in  rhombic  prisms,  melts  at  122 — 123°.  When  it  is 
distilled  with  superheated  steam,  a-fluonaphthalene  is  formed.2 

1  Houlding,  Proc.  Chem.  Soc.  1889,  74  ;  Armstrong  and  "Wynne,  Pros.  Cliem 
Soc.  1889,  119.  2  Mauzelius,  Ber.  22,  1844. 
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NITRONAPHTHALENESULPHONIC  ACIDS. 

2594  1  :  4s -Nitronaphihalerbesulphonic  acid,  C10H6(]SrO2)SO3H 
+  4H20,  was  obtained  by  Laurent  by  the  action  of  fuming 
sulphuric  acid  on  a-nitronaphthalene  and  by  Cleve,  who  named 
it  a-nitronaphthalenesulphonic  acid,  by  the  nitration  of  a- 
naphthalenesulphonic  acid.1  It  is  readily  soluble  in  alcohol  and 
water,  less  readily  in  dilute  sulphuric  acid,  and  crystallizes  in 
light  yellow,  flat  needles,  which  have  a  very  bitter  taste  and 
lose  two  molecules  of  water  over  sulphuric  acid.  It  is  converted 
by  the  action  of  sodium  amalgam  and  water  into  a-naphthyl- 
amine,  whereas  the  nitrobenzenesulphonic  acids  when  treated 
in  the  same  manner  form  azo-compounds,  unaccompanied  by  a 
trace  of  aniline.2 

Its  chloride,  C10H6(NO2)SO2Cl,  crystallizes  from  ether  in 
yellowish  needles,  melting  at  113°. 

The  amide  crystallizes  either  in  scales  or  octohedra,  melting 
at  188°.  The  methyl  ester  forms  small  needles  melting  at  117°, 
whilst  the  ethyl  ester  crystallizes  from  alcohol  in  large  prisms, 
melting  at  101°. 

1  -A-Nitronaphthalenesulphonic  acid  is  formed  in  small  quantity 
together  with  the  preceding  compound,  from  which  it  is  separated 
by  the  greater  solubility  of  its  calcium  salt.  It  forms  a  readily 
soluble,  yellowish  crystalline  mass,  and  yields  a  chloride,  which 
crystallizes  from  benzene  in  large  yellow  prisms,  melting  at  99°. 
On  reduction  it  yields  1  : 4-amidonaphthalenesulphonic  acid 
(naphthionic  acid).3 

1 :  l'-Nitronaphthalenesulphonic  acid  is  also  formed  by  the 
nitration  of  a-naphthalenesulphonic  acid,  and  is  contained 
in  the  mother  liquor  from  the  calcium  salt  of  the  1  :  4-acid.  Its 
potassium  salt  crystallizes  in  pointed  needles,  and  when  suspended 
in  carbon  disulphide  and  treated  with  phosphorus  pentachloride 
yields  1 :  l'-chloronaphthalenesulphonic  acid  (Cleve). 

1  :  S'-Nitronaphthalenesulphonic  acid,  which  was  termed 
/3-nitronaphthalenesulphonic  acid,  is  formed,  together  with  the 
7-  and  ^-compounds  when  /3-naphthalenesulphonic  acid  is 
nitrated,  and  is  separated   from  the  isomerides  by  means  of 

1  Bull.  Soc.  Chin.  24,  507.  2  Claus,  Ber.  10,  1303. 

3  Cleve,  Ber.  23,  958. 


7G  NAPHTHALENE  DERIVATIVES 

its  difficultly  soluble  barium  salt.  It  is  also  formed,  together 
with  the  1  :  4'-  and  1  :  2'-acids,  by  the  action  of  sulphuric  acid 
on  a-nitronaphthalene.1  The  acid  is  readily  soluble  in  water 
and  alcohol,  and  crystallizes  in  bitter  tasting,  yellow  needles. 

Its  chloride  is  readily  soluble  in  acetic  acid,  crystallizes  from 
benzene  in  prisms,  melting  at  125  '5°,  and  is  converted  by  heating 
with  phosphorus  pentachloride  into  1  :  3'-dichloronaphthalene. 

1  : 2' -Nitronajihthalenesulpihonic  acid,  termed  by  Cleve  the 
^-compound,  forms  yellow  crystals,  which  are  readily  soluble 
in  water.  Its  chloride  is  only  slightly  soluble  in  acetic  acid, 
forms  large  prisms  melting  at  169°,  and  is  converted  by  phos- 
phorus pentachloride  into  1  :  2'-dichloronaphthalene.2 

1  :  2>-Nitronaphthcdencsulphonic  acid  was  termed  the  7-com- 
pound  by  Cleve,  and  is  readily  soluble  in  water,  but  forms  salts 
which  are  only  slightly  soluble.  Its  chloride  crystallizes  in  pale, 
yellow  needles,  which  are  soluble  with  difficulty  in  acetic  acid, 
and  melt  at  140°.s 

1  Palmaer,  Bcr.  21,  3260. 

2  Bcr.  19,  1279 ;  20,  72  ;  21,  3271  ;  Bull.  Soc.  Chim.  26,  444  ;  Armstrong 
and  Wynne,  Proc.  Chcm.  Soc.  1889,  71  5  Chem.  News,  59,  95. 

3  Cf.  Armstrong  and  Wynne,  loo.  cit. 
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HYDKOXYNAPHTHALENES   AND   ALLIED 
COMPOUNDS. 

The  Naphthoic,  C^Hj.OH. 

2595  These  compounds  are  very  closely  related  in  their 
chemical  properties  to  the  phenols,  from  which  they  differ 
in  forming  esters  when  they  are  heated  with  organic  acids, 
and  in  some  other  respects  in  which  they  behave  similarly  to 
the  alcohols. 

a-Naphthol  was  first  obtained  by  Griess,  who  termed  it 
naphthyl  alcohol,  from  a-naphthylamine  by  the  diazo-reaction.1 
It  is  more  readily  formed  when  a-naphthalenesulphonic  acid 
is  heated  with  caustic  potash.2  On  the  large  scale  it  is  manu- 
factured by  fusing  sodium  a-naphthalenesulphonate  with  caustic 
soda.  The  melt  is  dissolved  in  water  and  the  naphthol  liberated 
by  hydrochloric  acid  and  purified  by  distillation.  Schulze 
detected  it  in  coal  tar,3  and  it  has  been  prepared  synthetically 
by  distilling  phenylparaconic  acid,4  and  by  boiling  phenyl- 
isocrotonic  acid  (p.  25).  It  crystallizes  in  lustrous  mono- 
symmetric  prisms  or  needles,  has  an  aromatic  smell  resembling 
that  of  phenol  and  a  burning  taste,  and  forms  a  powder  which 
causes  violent  sneezing.  It  is  slightly  soluble  in  cold,  more 
freely  in  hot  water,  and  readily  in  alcohol,  ether,  &c,  melts  at 
94°,  boils  at  278—280°,  and  has  the  specific  gravity  of  1"224  at  4°.5 
When  it  is  boiled  for  some  time  in  the  air,  dinaphthylene  oxide, 
C20H12O,  is  formed.  A  splinter  of  pine  wood  dipped  into  an 
aqueous  solution  of  a-naphthol  and  then  into  hydrochloric  acid 

1  Journ.  Chern.  Soc.  1867,  89. 

2  Eller,  Annalen,  152,  275 ;  Schiiffer,  Annalen,  152,  279. 

3  Annalen,  227,  143. 

*  Fittig  and  Erdmann,  Annalen,  227,  242. 
5  Schroder,  Ber.  12,  1613. 
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rapidly  becomes  coloured  green  when  exposed  to  sunlight,  more 
slowly  in  diffuse  daylight,  and  then  gradually  changes  to  reddish- 
brown  (Schaffer).  Bleaching  powder  colours  the  aqueous  solu- 
tion deep-violet  and  forms  a  flocculent  precipitate  of  the  same 
colour.  Ferric  chloride  produces  a  white  precipitate  of  di- 
naphthol,  C20H12(OH)2,  which  soon  turns  grey.  When  a- 
naphthol  is  dissolved  in  an  excess  of  caustic  soda  solution 
and  a  little  ammonia  and  some  1  : 4-diazonaphthalenesulphonic 
acid  added,  a  splendid  dark -red  colouration  is  produced.1  If  a 
solution  of  a-naphthol  in  strong  caustic  potash  solution  be 
heated  to  50°  with  chloroform,  a  deep  Prussian-blue  colour- 
ation is  produced,  which  changes  in  the  air  to  green  and 
then  to  brown. 

a-Naphthol  taken  internally  appears  in  the  urine  as 
a-naphtholglycuronic  acid,  C16H1607,  which  is  decomposed  by 
mineral  acids  into  glycuronic  acid,  CGH10O7,  and  a-naphthol.2 
At  the  same  time  a  little  a-naphthylsulphuric  acid, 
C10H7.O.SO2.OH,  is  also  formed.  When  such  urine  is  acidi- 
fied with  hydrochloric  acid,  distilled  until  half  its  volume  has 
passed  into  the  receiver,  and  the  distillate  extracted  with  ether, 
an  ethereal  solution  is  obtained  which  on  evaporation  yields  a 
residue  with  which  chloroform  in  alkaline  solution  gives  the 
blue  colouration  already  described,  although  in  this  case  the 
shade  produced  is  more  inclined  to  green,  the  alkaline  solution 
being  generally  tinged  more  or  less  deeply  with  brown.  This 
reaction  can  also  be  made  use  of  to  detect  chloroform  in  urine 
and  other  animal  liquids,  a-naphthol  being  used  as  the  reagent 
(Lustgarten).3 

Potassium  permanganate  oxidizes  a-naphthol  in  cold  alkaline 
solution  to  carboxyphenylglyoxylic  acid  (Pt.  V.  p.  153).4 

/C(OH)=CH  /CO„H 

C6H4<  |        +70  =  C6H4<  +C02  +  H20. 

XCH  =  CH  \CO.C02H 

a-Naphthol  is  technically  employed  in  the  colour  industry 
and  as  an  antiseptic.  Camille  Kochlin  states  that  putrefaction 
of  the  albumen  employed  in  calico  printing  can  be  prevented  by 
adding  to  every  100  parts  of  the  latter  2  parts  of  a  solution 
prepared  by  dissolving  a-naphthol  in  an  equal  weight  of  alcohol, 

1  Erdmann,  Annalcn,  247,  330.  2  Lesnik  and  Nencki,  Bar.  19   1534. 

3  Monatsh.  3,  715.  4  Henriques,  Bcr.  21,  1607. 
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diluting  with  4  parts  of  water,  and  adding  a  little  ammonia. 
When  an  alcoholic  solution  of  picric  acid  which  has  been 
saturated  in  the  cold  and  then  heated  to  boiling  is  added  to  a 
solution  of  a-naphthol  in  a  small  quantity  of  alcohol,  the 
compound  C10H8O  +  C6H2(N02)3OH  separates  out  on  cooling 
in  orange-coloured  needles,  melting  at  189 — 190".1  a-Naphthol 
forms  crystalline  naphthates  with  the  alkalis,  but  is  precipitated 
from  their  solutions  by  carbon  dioxide  or  ammonium  chloride. 
When  a-naphthol  is  treated  with  iodine  and  aluminium  foil 
(Pt.  III.  p.  323),  aluminium  a-naphthate,  (C10H7O)3Al,  is  formed  ; 
this  substance  has  not  been  obtained  pure,  and  decomposes  on 
heating  into  alumina,  naphthalene,  isodinaphthyl,  and  other 
compounds.2 

2596  a-Naphthyl  methyl  ether,  C10H7.OCH3,  was  obtained  by 
Hantzsch  from  a-naphthylamine  by  heating  it  with  methyl 
alcohol  and  zinc  chloride  to  180 — 200° : 3 

C10H7.NH2  +  HO.CH3  =  C10H7.OCH3  +  NH3. 

Stadel  prepared  it  by  heating  a-naphthol  with  caustic  potash, 
methyl  iodide  and  methyl  alcohol,4  but  it  is  best  obtained  by 
acting  upon  sodium  naphthate  at  280°  with  methyl  chloride.5 
It  is  a  strongly  refractive  liquid,  which  boils  at  269 — 270D,  and 
has  a  very  pleasant  odour  like  that  of  orange-flowers,  so  that 
it  may,  perhaps,  be  used  as  a  perfume.  It  combines  with  picric 
acid  to  form  a  compound  crystallizing  in  red  needles. 

a-Naphthyl  ethyl  ether,  C10H7.OC2H5,  is  a  liquid,  boiling  at 
208'7o,  which  has  a  characteristic  odour  (Schaffer). 

a-Naphthyl  ethylene  ether,  (C10H7O)2C2H4,  is  formed  when  a 
solution  of  a-naphthol  in  caustic  soda  is  heated  with  alcohol 
and  ethylene  bromide ;  it  crystallizes  from  alcohol  in  small 
plates,  melting  at  125 — 1260.6 

a-Dinaphthyl  ether,  (C10H7)2O,  is  formed,  together  with 
naphthylene  oxide,  when  a-naphthol  is  heated  to  180 — 200° 
with  zinc  chloride,  and  when  hydrochloric  acid  is  passed  into 
boiling  a-naphthol.  It  crystallizes  from  alcohol  in  plates,  and 
from  a  mixture  of  ether  and  alcohol  in  thick,  lustrous  rhombic 
tablets,  melting  at  110°.     With  picric  acid  it  forms  the  com- 

1  Marehetti,  Gazzetta,  12,  502. 

2  Gladstone  and  Tribe,  Journ.  Chcm.  Soc.  1882,  1,  5. 

3  Ber.  13,  1347.  4  Annalcn,  217,  40. 

5  Bull.  Soc.  Chim.  40,  106.         6  Kblle,  Ber.  13,  1953. 
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pound,  C20H14O  +  2C6H8(]ST02)30,  which  crystallizes  in  red 
plates  or  prisms,  melting  at  1150.1 

Acid  a-naphthyl  sulphate,  C10H7O.SO2.OH,  is  obtained,  to- 
gether with  the  isomeric  a-naphtholsulphonic  acid,  when  a 
solution  of  a-naphthol  in  acetic  acid  is  heated  with  sulphuric 
acid,  the  temperature  being  kept  below  75°.  The  solution  is 
diluted  with  water,  neutralized  with  lead  oxide  and  concen- 
trated. Lead  naphthyl  sulphate  separates  out  in  small  plates 
and  yields  the  free  acid,  which  crystallizes,  when  placed  over 
sulphuric  acid,  in  long,  slender  needles  ;  it  readily  decomposes 
into  a-naphthol  and  sulphuric  acid. 

Claus  and  Knyrim  looked  upon  this  substance  as  a  sulphonic 
acid,2  but  Beilstein  pointed  out 3  that  its  properties  clearly  prove 
it  to  be  naphthylsulphuric  acid. 

a-Naphthyl  phosphate,  (C10H7)3PO4,  is  formed  when  a-naphthol 
is  heated  with  phosphorus  pentachloride  to  temperatures  below 
100",  whilst  a-chloronaphthalene  is  formed  when  an  excess  of 
chloride  is  used  and  the  temperature  allowed  to  rise  to  150°.* 
It  is  best  prepared  by  heating  a-naphthol  with  the  requisite 
quantity  of  phosphorus  oxychloride  until  the  mixture  boils 
quietly.5  It  crystallizes  from  alcohol  in  lustrous  needles,  melt- 
ing at  145°. 

a-Naphthyl  silicate,  (C10H7)iSiO4,  is  obtained  by  the  action  of 
silicon  chloride  on  a-naphthol.  It  crystallizes  in  needles,  and 
distils  at  425 — 430°  under  a  pressure  of  130  mm.6 

a-Naphthyl  acetate,  C-wHj.O.CO.CHg,  is  formed  by  the  action 
of  acetyl  chloride  on  a-naphthol  (Schaffer),  and  also  when  the 
latter  is  heated  to  200°  with  acetic  acid.7  It  is  however  best 
prepared  by  heating  a-naphthol  with  acetic  anhydride  and 
anhydrous  sodium  acetate.8  It  crystallizes  in  broad  needles  or 
tablets,  melts  at  49°,  and  is  readily  soluble  in  alcohol  and  ether. 

a-Naphthyl  ethylcarbonate,  CO(OC2HS)OC10H7,  is  the  product 
of  the  action  of  ethyl  chlorocarboxylate  on  potassium  a-naphthate. 
It  is  readily  soluble  in  absolute  alcohol  and  crystallizes,  when 
this  solution  is  diluted  with  sufficient  water  to  produce  a  slight 
turbidity,  in  large  rhombic  tablets,  melting  at  31°.  On  boilinc, 
it   decomposes   into   carbon    dioxide,    alcohol,    a-naphthol    and 

1  Merz  and  "Weith,  Ber.  14,  195.        2  Ber.  18,  2924. 

3  Bandb.  2,  561.  4  Schaffer,  loc.  cit.  ;  Oehler,  Bcr.  15    312. 

6  Heim,  Ber.  16,  1769.  6  Hertkorn  Ber.  18,  1696. 

7  Grabe,  Annalen,  209,  156. 

8  Tasinari,  Gazzetta,  10,  491.     See  also  Miller,  Annalen,  208   247. 
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dinaphthyleneketone-oxide,  C21H1202,  which  crystallizes  from  hot 
alcohol  in  sulphur-yellow  needles,  melts  at  240°,  is  not  attacked 
by  caustic  potash  solution  even  at  280°,  and  on  fusion  with 
caustic  potash  only  slowly  decomposes  into  a-naphthol  and 
carbon  dioxide  : 1 

0  H 
Co/   10    6\o  +  4HOK  =  CO(OK)2  +  2C10H7.OK  +  H20. 

a-Naphthyl  phenylcarbamate,  C10H7O.CO.NH.C6H6,  is  formed 
when  a-naphthol  is  heated  with  phenyl  carbimide.  It  crys- 
tallizes from  alcohol  in  needles,  which  melt  at  178'5°,  and 
decomposes  on  distillation  into  its  constituents.2 

a-Naphthyl  orthoxalate,  C10H7O.C(OH)2.C(OH)2.OC10H7,  is 
obtained  by  boiling  a-naphthol  and  oxalic  acid  with  acetic  acid 
for  some  time ;  it  is  a  crystalline  powder,  which  melts  with 
decomposition  at  163°.3 

a-Naphthoxyacetic  acid,  C10H7O.CH2.CO2H,  was  prepared  by 
Spica  by  heating  a-naphthol  with  chloracetic  acid  and  caustic 
potash.  It  crystallizes  in  small  prisms,  which  are  slightly  soluble 
in  cold  water,  and  melt  at  190°.  Its  salts  crystallize  well; 
the  ethyl  ester  forms  small  crystals,  melting  at  178 — 174°.* 

a-Naphiholglycuronic  acid,  C16H1607,  occurs  in  human  urine 
and  in  that  of  dogs  after  the  administration  of  a-naphthol,  and 
crystallizes  from  water  in  long  needles,  melting  at  202 — 203°. 
Its  aqueous  solution  gives  with  concentrated  sulphuric  acid  a 
deep  emerald-green  colouration,  which  gradually  changes  to  a 
dirty  greyish -green.5  It  is  decomposed  by  mineral  acids  into 
a-naphthol  and  glycuronic  acid,  C6H10O7.6 

ar-Tetrahydro-a-naphthol,  C10Hn.OH,  was  first  obtained  from 
ar-tetrahydro-a-naphthylamine  by  means  of  the  diazo-reaction.7 
It  is  also  formed  when  20  grms.  of  sodium  are  gradually  added 
to  a  boiling  solution  of  10  grms.  of  a-naphthol  in  boiling  amyl 
alcohol.8  It  melts  at  68-5—69°,  boils  at  264'5— 265'5°  under  a 
pressure    of  705  mm.,  and  solidifies  in  large  silvery  tablets, 

1  Bender,  Ber.  13,  702  ;  19,  2266. 

2  Leuckart  and  Schmidt,  Ber.  18,  2338  ;  Snape,  Ber.  18,  2428. 

3  Staub  and  Smith,  Ber.  17,  1740.  "  Gaxzetta,  16,  437. 

5  Lesnik  and  Neneki,  Ber.  19,  1534. 

6  Spiegel,  Ber.  15,  1964. 

7  Bamberger  and  Althausse,  Ber.  21,  1892. 

8  Bamberger  and  Bordt,  Ber.  23,  215. 
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resembling  those  of  naphthalene,  which  have  a  strong  smell  of 
phenol.  It  is  very  slightly  soluble  in  cold  water  and  only 
slightly  in  hot  water,  but  very  readily  in  alcohol,  from  which 
it  separates  as  an  oily  liquid,  which  soon  solidifies  in  large 
crystalline  masses.  If  these  are  carefully  broken  up,  cavities 
are  found  lined  by  silvery  rectangular  monosymmetric  tablets. 
In  the  air  its  surface  becomes  coloured  pink.  Bleaching  powder 
produces  a  yellowish-white  turbidity  in  its  aqueous  solution,  and 
ferric  chloride  gives  a  faint  turbidity  after  some  time,  more 
rapidly  on  warming  :  if  the  solution  be  boiled,  the  liquid  becomes 
coloured  yellowish-red  and  a  yellowish-white  flocculent  pre- 
cipitate is  formed. 

Its  constitution  is  that  shown  in  the  following  formula,  and 
is  proved  by  its  formation  from  ar-tetrahydro-a-naphthyl- 
amine  : 

OH 


CH2C 

H„C      C     CH 

1       II       1 
H2C      G     CH 

CH2CH 

ar-Tetrahydro-a-naphthol  is  soluble  in  alkalis  and  is  pre- 
cipitated from  solution  in  them  by  carbonic  acid.  It  also  com- 
bines with  diazo-salts  to  form  azo-colours.  In  its  chemical 
relations  therefore  it  behaves  as  an  aromatic  hydroxyderivative, 
and  it  has  been  found  by  Bamberger  that  whenever  a  tetra- 
hydro-derivative  of  naphthalene  contains  the  additional  atoms  of 
hydrogen  and  the  substituent  group  (OH,NH2,  &c.)  in  different 
nuclei,  the  substance  retains  the  properties  of  an  aromatic  com- 
pound, whereas  when  they  are  both  in  the  same  nucleus  the 
compound  behaves  as  a  benzene  derivative  containing  fatty  side 
chains.  To  mark  this  difference  of  function,  compounds  of  the 
first  class  are  termed  aromatic,  and  those  of  the  second  alicyclic- 
reduction-products  (a\et(f)ap,  fat,  kvkXoi,  a  ring;  in  practice 
these  terms  are  abbreviated  to  the  prefixes  ar-  and  ac-.) 

ar-Tetrahydro-a-naphthol,  like  other  ar-tetrahydro-derivatives 
(p.  29),  is  more  closely  related  to  phenol  than  to  a-naphthol 
in  several  respects.  Thus,  like  phenol,  it  does  not  readily  form 
a   substituted    sulphuric  acid,  is  not   converted   into  an  ether 
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when  heated  with  hydrochloric  acid  and  alcohol  to  150°,  and 
does  not  form  the  oxide  (dinaphthyl  ether)  when  heated  with 
dilute  sulphuric  acid,  whereas  a-naphthol  undergoes  all  of  these 
reactions.1 

ar-Tetrahydro-a-naphthol  ethyl  ether,  C10Hn.O.C2H5,  is  formed 
by  the  action  of  alcoholic  potash  and  ethyl  iodide  on  hydro- 
naphthol,  and  also  by  the  reduction  of  a-naphthol  ethyl  ether. 
It  is  a  viscid,  heavy  oil,  which  boils  at  259°  under  a  pressure  of 
705  mm.,  and  has  a  pleasant  odour.2 

2597  fi-Naphthol,  C10H7.OH,  was  first  obtained  by  Schaffer 
by  fusing  lead  /3-naphthalenesulphonate  with  caustic  potash,3 
whilst  Liebermann  prepared  it  from  /3-amidonaphthalene  by 
means  of  the  diazo-reaction,4  and  it  was  found  by  Schulze  to  be 
contained  in  small  quantity  in  coal-tar.  It  is  manufactured 
by  melting  sodium  /3-naphthalenesulphonate  with  2  parts  of 
caustic  soda  and  some  water  in  an  iron  pot,  heated  by  an  air- 
bath,  and  finally  raising  the  temperature  to  300°.  The  melt  is 
dissolved  in  water  and  the  /3-naphthol  precipitated  by  hydro- 
chloric acid  and  purified  by  distillation. 

It  crystallizes  in  very  lustrous  plates  or  rhombic  tablets,  which 
are  almost  odourless,  have  a  burning  taste,  and  form  a  powder 
which  causes  violent  sneezing.  Hot  water  only  dissolves  a  small 
quantity  of  it,  but  it  is  readily  soluble  in  alcohol,  &c.  It  has  a 
sp.  gr.  of  1-217  at  4°  (Schroder),  melts  at  122°,  boils  at  285—290°, 
and  readily  sublimes  ;  it  is  not  readily  volatile  with  steam,  but 
can  easily  be  distilled  with  superheated  steam.  When  it  is  boiled 
for  a  considerable  time  in  the  air,  /3-dinaphthalene  oxide, 
C20H12O,  is  formed.  With  a  splinter  of  pine  wood  and  hydro- 
chloric acid  it  gives  the  same  reaction  as  a-naphthol,  but  the 
colour  is  more  rapidly  produced  (Schaffer).  Bleaching  powder 
only  produces  a  yellowish  colouration  in  its  aqueous  solution, 
whilst  ferric  chloride  gives  a  faint  greenish  colour  followed  by 
a  white  flocculent  precipitate  of  /3-dinaphthol,  C20H12(OH)2. 
Its  alkaline  solution  gives  the  same  colouration  as  the  a-com- 
pound  with  chloroform.  When  it  is  dissolved  in  glacial  acetic 
acid  at  110°,  and  a  solution  of  nitrosodimethylaniline  hydro- 
chloride gradually  added,  a  bluish-violet  colouring  matter  is 
formed,  the  hydrochloride  of  which  crystallizes  in  needles,  which 
have  a  copper  lustre.5 

1  Bamberger,  Annalen,  257,  5  ;  Bamberger  and  Longfeldt,  Ber.  23,  1123. 

2  Bamberger  and  Bordt,  loe.  cit.  3  Annalen,  152,  279. 

*  Annalen,  183,  267.  6  Meldola,  Ber.  12,  2065. 
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It  differs  from  a-naphthol  by  losing  water  more  readily  than 
this  when  heated  with  ammonia,  aniline,  &c,  /3-naphthylamine, 
/3-phenylnaphthylamine,  &c,  being  formed.  In  other  reactions 
it  behaves  in  the  same  manner  as  the  a-compound,  and  is 
converted  in  the  animal  organism  into  /3-naphtholglycuronic 
acid  (p.  87).1 

According  to  Henriques  it  is  oxidized  by  alkaline  potassium 
permanganate  to  carboxyphenylglyoxylic  acid,  but  Ehrlich  and 
Benedikt  found  that  the  first  product  is  carboxycinnamic  acid  : 

/CH=CH  ,CH=CH— CO.OH 

C6H  /  |  +  30  =  C6H4< 

\CH=C— OH  \CO.OH 

This  melts  at  183 — 184°,  and  not,  as  previously  stated,  at 
173 — 175°  (Part  V.  p.  316).  Other  compounds  are  also  formed 
in  the  reaction. 

/3-Naphthol  is  largely  employed  for  the  preparation  of  azo- 
colours.  It  is  also  employed  as  an  antiseptic  in  cases  of  foetid 
sweating  (dysidrosis)  and  for  removing  skin  eruptions  and  eczema. 
Taken  internally,  large  doses  produce  vomiting,  unconsciousness, 
cramp,  and  hematuria. 

With  picric  acid  it  forms  the  compound  C10H8O  +  C6H3 
(N02)30,  which  crystallizes  in  reddish-yellow  silky  needles,  and 
melts  at  155°  (Marchetti).  On  heating  with  aluminium,  no 
iodine  being  added,  aluminium  ft-napMiate,  (G10H7O)3Al,  is 
formed,  and  decomposes  on  distillation  into  naphthalene,  j3- 
naphthol  and  /3-dinaphthyl  ether  (Gladstone  and  Tribe). 

/3-Naphthol  forms  crystalline  naphthates  with  the  alkalis 
and  with  amido-bases.2 

Aniline  ft-naphthate,  C10H7OH.NH2.C6H6,  is  formed  when  its 
constituents  are  heated  together,  and  separates  from  hot  petro- 
leum as  a  crystalline  powder  melting  at  82 — 84°.  A  similar 
compound  is  formed  with  £>-toluidine. 

2598  ft-Naphthyl  methyl  ether,  C10H7.OCH3,  is  obtained  in  the 
same  manner  as  the  a-compound.3  It  crystallizes  in  lustrous 
plates,  which  have  an  odour  resembling  that  of  pineapple 
(Marchetti),  or  orange  flowers  (Vincent),  melts  at  72°  and 
boils  at  274°. 

1  Monatsh.  9,  527  ;  Ehrlich,  Monatsh.  10,  115. 
0  Dyson,  Journ.  Chem.  Soc.  1883,  1,  466. 

3  Stadel,  Annalen,  217,  40 ;  Marchetti,  Gazzctia,  9,  541  ;  Vincent,  Bull.  Soc. 
Chim.  40,  106. 
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fi-Naphthyl  ethyl  ether,  C10H7.OC2H5,  is  a  crystalline  mass 
which  has  a  pleasant  smell  of  pineapple.  It  melts  at  83°,  boils 
at  274 — 2750,1  and  decomposes  when  heated  for  some  time  to 
310—320°  into  a-naphthol  and  ethylene.2 

fi-Naphthyl  methylene  ether,  (C^HyO^CEL,,  is  formed  when 
/3-naphthol  is  heated  with  methylene  iodide  and  caustic  soda ; 
it  crystallizes  from  alcohol  in  brittle,  silky  needles,  which  melt 
at  133— 134°.3 

fi-Naphthyl  ethylene  ether,  (C10H7O)2C2H4,  crystallizes  in 
lustrous  plates,  melting  at  217°  (Kolle). 

fi-Dinaphthyl  ether,  (C10H7)2O,  is  obtained  by  heating  fi- 
naphthol  with  zinc  chloride i  and  hydrochloric  acid  or  dilute 
sulphuric  acid,  and  is  best  prepared  by  boiling  /3-naphthol  for 
some  time  with  15 — 20  parts  of  sulphuric  acid  of  sp.  gr.  T4.5 
It  crystallizes  from  hot  alcohol  in  silvery  plates,  melting  at  105°, 
sublimes  with  difficulty,  and  boils  above  360°.  Its  compound 
with  picric  acid,  C20HuO  +  2C6H3(N02)30,  crystallizes  in  orange- 
yellow  plates,  and  melts  at  122°. 

/3-Dinaphthylacetal  or  Ethidene  fi-dinaphthyl  ether,  CH3.CH 
(OC10H7)2,  is  formed  when  seven  parts  of  /3-naphthol  and  three 
parts  of  paraldehyde  are  dissolved  in  fifteen  parts  of  glacial 
acetic  acid  and  heated  on  the  water-bath  with  one  part  of 
fuming  hydrochloric  acid.  It  is  a  snow-white,  crystalline  powder, 
which  melts  at  200 — 201°,  and  is  only  soluble  with  difficulty  in 
all  solvents,  but  with  least  difficulty  in  chloroform,  from  which 
it  crystallizes  in  short  prisms. 

Benzidine  /3-dinaphthyl  ether,  C6H6.CH(OC10H7)2,  is  formed 
when  7"2  parts  of  /3-naphthol  and  5'3  parts  of  benzaldehyde  are 
dissolved  in  thirty  parts  of  glacial  acetic  acid,  two  parts  of 
fuming  hydrochloric  acid  added  to  the  well-cooled  liquid,  and 
the  whole  allowed  to  stand  for  a  few  days  at  a  temperature  of  0°. 
It  forms  hard,  white,  crystalline  crusts  or  small  tablets,  melts 
at  204 — 205°,  and  is  converted  at  210°,  or  when  heated  with 
glacial  acetic  acid  and  hydrochloric  acid,  into  benzidenedinaphthyl 
oxide,  which  is  also  invariably  formed  in  its  preparation  and  has 
the  constitution  : 6 

C'H"CH<C  HZ0' 

1  Hager  and  Liebermann,  Ber.  15,  1427.  2  Bamberger,  Ber.  19,  1818. 

3  Kblle,  Ber.  13,  1953.  4  Merz  and  Weith,  Ber.  14,  199. 

5  Griibe  Annalen,  209,  47.  °  Claisen,  Annalen,  237,  361. 
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Acid  /3-naphthyl  sulphate,  C10H7O.SO2.OH,  was  obtained  by 
Armstrong  by  the  action  of  chlorosulphonic  acid  on  /3-naphthol,1 
whilst  Nietzki  prepared  it  by  dissolving  the  latter  in  concentrated 
sulphuric  acid.2  It  is  a  crystalline  mass,  which  is  readily  soluble 
in  water,  and  easily  decomposes  in  aqueous  solution  into  sul- 
phuric acid  and/3-naphtbol.  Its  crystalline  salts  with  the  alkalis 
yield  /3-naphthyl  ethyl  ether  on  heating  with  sodium  ethyl 
sulphate,  and  /3-dinaphthyl  ether  with  /3-naphthol. 

(5-NapMhyl  phosphate,  (C10H7)3PO4,  is  prepared  in  the  same 
way  as  the  a-compound,  and  crystallizes  from  alcohol  in  small 
needles,  melting  at  111°  (Schaffer,  Heim). 

/3-Naphthyl  silicate,  (C10H7)4SiO4,  forms  warty  crystals,  and 
boils  at  about  430°  (Hertkorn). 

/3-Naphthyl  acetate,  C10H7O.CO.CH3,  was  obtained  by  Schaffer 
from  /3-naphthol  by  the  action  of  acetyl  chloride ;  it  is  also 
formed  when  /3-naphthol  is  gently  boiled  with  acetic  anhydride 
for  a  few  hours,3  or  heated  to  240°  with  glacial  acetic  acid  for 
some  time.4  It  crystallizes  from  alcohol  or  acetic  acid  in  small, 
soft  needles,  which  have  a  faint  smell  of  aniseed  and  melt  at  70°. 

(3-Naphthyl  ethyl  orthocarbonate,  is  formed  by  the  action  of 
ethyl  chlorocarboxylate  on  potassium  /3-naphthate  ;  the  normal 
carboxylate  is  the  first  product,  as  in  the  case  of  the  a-compound, 
but  immediately  undergoes  the  following  decomposition  : 

2C10H7O.CO.OC2H5  =  >C(  +  C02. 

C10H7O/    \0C2H5 

It  is  an  easily  fusible,  tallow-like  mass,  which  has  a  faint  but 
pleasant  odour,  boils  at  298 — 300°,  and  on  heating  to  250°  with 
hydrochloric  acid  decomposes  into  /3-naphthol,  carbon  dioxide, 
and  ethyl  chloride.  On  continued  boiling  it  decomposes  into 
alcohol  and  (3-dinaphthylene  ketone  oxide,  C21H1202,  which  crystal- 
lizes from  benzene  in  thin  prisms,  melting  at  194°,  and  is,  like 
the  a-compound,  a  very  stable  substance  (Bender). 

/3-Naphthyl  phcnylcarbamate,  C10H7O.CO.]SfHC6H5,  is  ob- 
tained in  the  same  way  as  the  a-compound,  and  crystallizes  in 
prisms  melting  at  230°. 

/3-Naphthyl  orthoxalate,  C10H7O.C(OH)2.C(OH)2.OC10H7,  is, 
like  the  a-compound,  a  crystalline  powder,  which  melts  with 

1  Armstrong,  Ber.  15,  203.  2  Nietzki,  Bcr.  15,  305. 

3  Miller,  Ber.  14,  1602.  •>  Grabe  AnnaUn,  209,  147. 
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some  decomposition  at  167°,  and  on  distillation  is  almost  com- 
pletely decomposed  into  formic  acid  and  /3-naphthol. 

fi-Naphthyl  salicylate,  C10H7O.CO.C6H4.OH,  is  formed  when 
a  mixture  of  salicylic  acid  and  /3-naphthol  is  heated  with  acid 
sodium  sulphate.1  This  last  can  be  replaced  by  phosphorus 
oxychloride,  and  it  is  then  unnecessary  to  use  free  salicylic  acid, 
since  the  basic  sodium  salt  which  is  formed  in  the  manufacture 
of  the  acid  can  be  employed  : 2 

.ONa 
2C6H4<  +  2C10H7.OH  +  POCI3 

\C02Na 

.OH 

=  2C6H  /  +  NaP03  +  3NaCl. 

xCO2C10H7 

It  forms  odourless  and  tasteless  crystals,  which  melt  at  95°. 
It  is  used  in  medicine  under  the  name  of  naphthalol  or  naphtho- 
salol  for  the  same  purposes  as  phenylsalicylate  or  salol  (Part  IV. 
p.  307).  a-Naphthyl  salicylate  can  be  prepared  in  the  same 
manner. 

fi-Naphthoxyacetic  acid,  C10H7O.CH2.CO2H,  is  obtained  in  a 
similar  manner  to  the  a-compound  and  crystallizes  in  scales  or 
rhombic  prisms,  which  melt  at  151 — 152°.  Its  ethyl  ester  forms 
large  tablets  melting  at  48 — 49°  (Spica). 

fi-Naphtholglycuronic  acid,  C16H1607,  occurs  in  urine  after  the 
administration  of  /3-naphthol,  and  crystallizes  in  long  needles, 
which  melt  at  150°,  and  are  decomposed  by  mineral  acids  into 
/3-naphthol  and  glycuronic  acid.  When  sulphuric  acid  is  added 
to  its  aqueous  solution  a  bluish-green  colouration  is  produced  at 
the  contact  of  the  two  liquids,  and  this  changes  to  dirty  green 
when  the  liquid  is  agitated  (p.  78). 

2599  ac-Tetrahydro-fi-naphthol,  C6H4 :  C4H8.OH,  is  formed, 
together  with  a  smaller  quantity  of  the  ar-reduction  product, 
when  20  grms.  of  sodium  are  added  to  a  boiling  solution  of  10 
grms.  of  /3-naphthol  in  200  grms.  of  amyl  alcohol.  The  hot 
alkaline  solution  is  poured  into  water,  and  the  layer  of  amyl 
alcohol,  in  which  the  alicyclic  derivative  is  dissolved,  is  separated, 
washed  successively  with  caustic  soda,  water,  and  dilute  hydro- 
chloric acid,   and  distilled   under   diminished   pressure.      The 

1  Schultz,  Steinkohlentheer,  2,  1043. 

2  Sohultz,  StcinkohUntheer,  2,  987. 
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fraction  passing  over  at  150 — 205°  (at  40  mm.),  contains  the 
alicyclic  compound  together  with  the  aromatic  isomeride,  and 
unaltered  /3-naphthol.  To  remove  these  the  liquid  is  covered 
with  caustic  soda  solution,  and  distilled  with  steam,  a  distillate 
being  thus  obtained  which  only  contains  traces  of  the  aromatic 
compound,  which  may  be  removed  by  treatment  with  a  solution 
of  sodium  diazobenzene-^>-sulphonate.  The  aromatic  compound 
unites  with  this  to  form  an  azo-colour,  whilst  the  alicyclic  deri- 
vative remains  unaltered  and  is  extracted  by  ether,  and  purified 
by  distillation  under  diminished  pressure.1 

It  is  a  clear,  colourless,  very  viscid  oil,  which  has  a  smell 
resembling  that  of  sage,  and  boils  without  decomposition  at 
264°,  under  a  pressure  of  716  mm.  It  solidifies  in  a  mixture  of 
solid  carbonic  acid  and  ether  to  a  hard,  gummy  mass.  It  is  only 
very  slightly  soluble  in  water,  but  readily  in  alcohol  and  other 
solvents. 

«c-Tetrahydro-/3-naphthol  is  insoluble  in  alkalis  and  does  not 
combine  with  diazo-salts.  Sodium  acts  upon  it  as  upon  the 
fatty  alcohols,  and  in  nearly  all  its  reactions  it  behaves  as  a 
substituted  benzene  derivative  containing  the  hydroxyl  group  in 
a  side  chain,  closely  resembling  borneol  and  menthol  (Part  V. 
pp.  428,  471),  which  have  a  similar  constitution.  This  conclusion 
is  confirmed  by  the  fact  that  it  forms  o-carboxyhydrocinnamic 
acid  on  oxidation. 

When  heated  with  solid  caustic  potash  it  is  decomposed  into 
water  and  dihydronaphthalene  : 

C10Hn(OH)  =  C10H10  +  H20. 

ac-Tetrahydro-/3-naphthol  acetate,  C10HUO.CO.CH3,  is  obtained 
by  heating  tetrahydronaphthol  with  glacial  acetic  acid  to 
140 — 150°.  It  is  a  yellowish,  very  viscid  oil,  with  a  pleasant 
fruity  odour,  and  boils  at  169°  under  a  pressure  of  34  mm. 
When  distilled  under  the  atmospheric  pressure  it  decomposes 
into  acetic  acid  and  dihydronaphthalene. 

ac-Tetrahydro-fi-naphthol  oenzoate  crystallizes  from  alcohol  in 
lustrous  tablets,  melting  at  62 — 63°.  It  resembles  the  acetate  in 
its  behaviour  on  heating. 

ac-Tctrahydro-fi-naphthyl  chloride,  C10HUC1,  is  obtained  when 
tetrahydronaphthol  is  heated  on  the  water  bath  with  concen- 
trated hydrochloric  acid.  It  decomposes  on  heating,  even  under 
1  Bamberger  and  Lodter,  Ber.  23,  197. 
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diminished  pressure,  into  dihydronaphthalene  and  hydrochloric 
acid. 

ac-Tetrahydro-fi-naphthylphenylcarbamatc,C10TI11O.CO.T$'H.CeH.5, 
is  formed  at  the  ordinary  temperature  when  a  mixture  of 
2  grms.  of  tetrahydronaphthol  and  T6  grins,  of  phenyl  isocyanate 
is  allowed  to  stand.  It  crystallizes  from  hoiling  alcohol  in 
fascicular  groups  of  needles,  melting  at  98-5°. 

ac-Tetrahydro-fi-naphthylxanthogenic  acid,  CiqHjjO.CS.SH,  is 
readily  obtained  by  the  action  of  carbon  disulphide  on  the  sodium 
salt  of  tetrahydronaphthol  at  the  ordinary  temperature.  Its 
cuprous  salt  crystallizes  from  carbon  disulphide  in  light-yellow 
crusts. 

ar-Tetrahydro-fi-naphthol,  C6H8.C4H3.OH,  is  also  formed  by 
the  reduction  of  /3-naphthol,  and  is  thus  obtained  as  a  solution 
of  its  sodium  salt,  as  already  described.  This  is  acidified  with 
hydrochloric  acid  and  distilled  with  steam,  the  distillate  being 
extracted  with  ether  and  the  residue  from  this  purified  by  dis- 
tillation and  recrystallization  from  light  petroleum.  It  has  also 
been  obtained  from  ar-tetrahydro-/8-naphthylamine  by  the  diazo- 
reaction.1  It  crystallizes  in  silver-white,  lustrous  flat  needles, 
which  have  a  faint  odour  of  creosote,  melts  at  58°,  and  boils  at  275° 
without  decomposition  (at  707  mm.).  It  is  only  slightly  soluble 
in  cold,  more  freely  in  hot  water,  and  very  readily  in  ether, 
alcohol,  &c,  readily  dissolves  in  alkalis,  and  forms  azo-colours.2 

Bleaching  powder  produces  a  white  flocculent  precipitate,  and 
ferric  chloride  a  bluish-green  colouration,  accompanied  by  a 
slight  turbidity,  a  brownish-yellow  flocculent  precipitate  being 
formed  when  the  solution  is  heated. 

Like  the  corresponding  a-compound,  it  is  not  acted  upon  by 
sulphuric  acid  or  a  mixture  of  sulphuric  acid  and  alcohol, 
whereas  /3-naphthol  is  thereby  converted  into  ^-naphthyl- 
sulphuric  acid  and  y3-naphthyl  ethyl  ether  respectively.3 

1  Bamberger  and  Kitschelt,  Bar.  23,  884. 

2  Bamberger  and  Kitschelt,  Ber.  23,  885. 

3  Bamberger  and  Kitschelt,  Ber.  23,  1129- 
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HALOGEN  SUBSTITUTION-PRODUCTS  OF 

o-NAPHTHOL. 

The  MoNOCHLOR-a-NAPHTHOLS,  C10H6C1(OH). 

2600  The  first  monochloronaphthol  was  obtained  by  Grimaux 
from  dichloronaphthydrene  glycol  (p.  38)  by  distilling  it  with 
hydrochloric  acid  : 

C10H8C12(OH)2  =  C10HfiCl.OH  +  HC1  +  H20. 

It  crystallizes  in  long  needles,  which  melt  at  109°,  and  are 
slightly  soluble  in  cold,  more  freely  in  hot  water.1  An  isomeric 
compound  is  formed  when  a  salt  of  Schaffer's  a-naphtholsul- 
phonic  acid  (p.  105)  is  heated  with  phosphorus  pentachloride.  It 
is  readily  soluble  in  alcohol,  crystallizes  in  reddish  matted 
needles,  melting  at  57°,  and  is  oxidized  by  chromic  acid  to 
phthalic  acid,  whilst  concentrated  nitric  acid  converts  it  into 
a-naphthoquinone.2  This  substance  is  probably  identical  with 
the  first  product  of  the  action  of  chlorine  on  a-naphthol,  which 
melts  at  about  54°,  but  has  not  yet  been  obtained  pure.3 

Chloronaphthols  of  known  constitution  have  been  prepared  by 
Erdmann  and  Kirchhoff  from  the  three  chlorobenzaldehydes. 
These  were  heated  with  succinic  anhydride  and  anhydrous  potas- 
sium acetate,  and  thus  converted  into  the  corresponding 
chlorophenylparaconic  acids,  which  were  then  submitted  to  dry 
distillation  i  (p.  27,  and  Part  V.  p.  364). 

4>' -Chlor-a-naphthol  is  formed  from  o-chlorophenylparaconic 
acid,  and  is  only  slightly  soluble  in  water.  It  crystallizes  from 
hot  water  in  small,  slender,  white  needles,  and  from  carbon 
disulphide  in  yellowish  plates.  It  melts  at  131-5°,  has  a 
characteristic  smell  and  a  burning  taste.  With  bleaching 
powder  it  gives  a  light-violet  precipitate,  and  with  ferric  chloride 
a  yellowish-white  precipitate,  the  colour  of  which  does  not  alter 
on  standing.  Its  alkaline  solution  gives  the  same  reaction  as 
a-naphthol  with  1  :  4-diazonaphthalenesulphonic  acid.  With 
picric    acid  it  forms  the  compound  C10H7ClO  +  C6H3(N02)30, 

1  Bull.  Soc.  Chim.  18,  208.  =  Clans  and  Oehler,  Ber.  15,  312. 

»  Cleve,  Bcr.  21,  891.  «  AnnaUn,  247,  366  ;  260,  55. 
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which  crystallizes  in  slender,  matted,  yellowish-red  needles, 
melting  at  160°,  and  forms  a  blood-red  solution  in  chloroform. 

X-Chlor-a-naphthyl  acetate,  C10H6ClO.CO.CH3,  is  prepared  by 
boiling  the  chloronaphthol  with  acetyl  chloride.  It  crystallizes 
from  hot  alcohol  in  white  plates,  melting  at  53°. 

S'-Chlor-a-naphthol  was  obtained  from  m-chlorophenylpara- 
conic  acid.  It  crystallizes  from  carbon  disulphide  in  long,  white 
prisms,  which  melt  at  94°,  and  rapidly  become  coloured  greyish- 
violet  in  the  air.  It  gives  the  same  reaction  as  4'-chlor-a- 
naphthol  with  bleaching  powder  and  diazonaphthalenesulphonic 
acid,  whilst  ferric  chloride  produces  in  its  aqueous  solution  a 
yellowish  precipitate,  which  rapidly  becomes  coloured  greyish- 
violet  and  brown.  The  picric  acid  compound  crystallizes  in 
long,  slender,  bright-yellowish  red,  lustrous  needles,  and  melts  at 
165°. 

3'-CMor-a-naphthyl  acetate  is  formed  when  the  chloronaphthol 
is  boiled  with  acetic  anhydride.  It  crystallizes  from  a  mixture 
of  alcohol  and  ether  in  rhombic  tablets,  melting  at  47°. 

2'-Chlor-a-naphthol  is  obtained  by  the  distillation  of  jj-chloro- 
phenylparaconic  acid,  and  crystallizes  from  hot  water,  in  which 
it  is  only  slightly  soluble,  in  long,  thin,  white  needles,  and  from 
carbon  disulphide  in  small  brownish  needles.  It  melts  at  123°, 
and  has  a  faint  smell  of  iodoform  and  a  burning  taste.  Bleach- 
ing powder  and  diazonaphthalenesulphonic  acid  behave  towards 
it  as  towards  its  isomerides,  but  ferric  chloride  produces  a 
yellowish- white  precipitate,  which  rapidly  becomes  a  deep  violet. 
Its  picric  acid  compound  forms  slender  yellowish-red  silky 
needles,  melting  at  139°. 

2' ' -GMor-a-7iaphthyl  acetate  is  an  oily  liquid,  and  has  not  been 
obtained  in  the  solid  form. 


The  DicHLOR-a-NAPHTHOLS,  C10H6C12(OH). 

2601  a-Naphthylsulphuric  acid  on  treatment  with  phosphorus 
pentachloride  yields  a  dichloronaphthol  which  crystallizes  in 
needles,  melting  at  101°  (Claus  and  Knyrim) ;  it  is  oxidized  by 
chromic  acid  to  dichlor-a-naphthoquinone,  and  by  nitric  acid  to 
phthalic  acid.1 

2  :  4-Dichlor-a-naphthol  is  formed  by  the  action  of  chlorine  on 
a  well-cooled  solution  of  a-naphthol  in  glacial  acetic  acid.2     It 

1  Ber.  18  2924.        2  Cleve,  Ber.  21,  891  ;  Zincke  and  Kegel  Ber.  21,  1030. 
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crystallizes  from  alcohol  or  benzene  in  pliable,  silky  needles, 
melting  at  107 — 108°,  and  from  glacial  acetic  acid  in  thick, 
transparent  needles  or  prisms,  which  contain  a  molecule  of  acetic 
acid  and  effloresce  in  the  air.  It  is  converted  into  phthalic  acid 
by  dilute  nitric  acid,  and  into  monochlor-a-naphthoquinone  by 
chromic  acid.  When  it  is  heated  with  phosphorus  pentachloride, 
t-trichloronaphthalene  is  formed. 

2  :  4f-Dichlor-a-naphthyl  acetate,  C10H6Cl2O.C2H3O,  crystallizes 
from  alcohol  in  thick  needles,  melting  at  74 — 76°. 

2' :  i'-Dichlor-a-naphthol,  was  obtained  by  Erdmann  by  heat- 
ing 0-£>-dichlorobenzaldehyde  with  succinic  acid  and  fusing  the 
dichlorophenylparaconic  acid,  C6H3Cl2.CH=:CH.CH2.CO.OH, 
thus  obtained.  It  crystallizes  from  carbon  disulphide  in  large 
prisms,  which  melt  at  182°.  When  heated  with  ammonia  it 
yields  the  corresponding  dichlor-a-naphthylamine,  which  is 
converted  by  the  diazo-reaction  into  1  :  3-dichloronaphthalene.1 

In  addition  to  the  foregoing  compounds,  l'-4s'-dichlor-a- 
nwphthol,  melting  at  114°,  has  been  prepared  from  2  : 5-di- 
chlorophenylisocrotonic  acid,  and  1' :  2'-  and  2' :  3' ' -dichlor-a- 
naphthol  from  3  : 4-dichlorophenylisocrotonic  acid.2 


The  TRiCHLOE-a-NAPHTHOLS,  C10H4C13(OH). 

2602  When  a  well-cooled  solution  of  a-naphthol  in  acetic 
acid  is  saturated  with  chlorine,  pentachloroketohydronaphthalene 
is  formed  (p.  125),  and  this  substance  is  reduced  to  trichloro- 
naphthol  when  sodium  sulphite  is  added  to  its  hot  solution  in 
acetic  acid  : 

CO CC12  .C(OH)=CCl 

C6H4/  I  +  Na2S03  +  H20  =  C6H4/  | 

\CC12— CHC1  \CC1=CC1 

+  Na2S04  +  2HC1. 

It  crystallizes  in  long,  silky  needles,  which  melt  at  159—160°, 
and  are  fairly  soluble  in  hot  glacial  acetic  acid  or  alcohol.  It  is 
oxidized  in  acetic  acid  solution  by  nitric  acid  to  dichloro-/?- 
naphthoquinone ;  a  small  quantity  of  dichlor-a-naphtho- 
quinone  is  also  formed  in  this  reaction  and  is  the  chief 
product  when  chromic  acid  is  employed  as  the  oxidizing  agent. 

1  Ber.  21,  3444.  2  Erdmann  and  Schwichten,  Annalen,  260,  77. 
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Trichlor-a-naphthyl  acetate,  C10H4C13O.CO.CH3,  crystallizes  in 
long,  white,  silky  needles,  and  melts  at  123 — 124°  (Zincke  and 
Kegel). 

THE   BEOM-a-NAPHTHOLS. 

2603  Brom-a-naphthol,  C10H6Br(OH),  has  not  yet  been  pre- 
pared. Its  ethyl  ester,  C10H6Br(OC2H6),  was  obtained  by 
Marchetti  from  a-naphthyl  ethyl  ether  by  adding  bromine 
diluted  with  chloroform  to  its  solution  in  chloroform.  It 
crystallizes  in  long,  thick  prisms,  and  melts  at  48".1 

Dibrom-a-naphthol,  C10H5Br2(OH)[Br  :  Br— 2  :  4]  is  formed  ty 
the  bromination  of  a-naphthol  in  acetic  acid  solution,2  and  when 
dibrom-a-diazonaphthalene  sulphate  is  boiled  with  water.3  It 
crystallizes  from  alcohol  or  light  petroleum  in  long,  silky  needles, 
which  melt  at  105"5°.  On  heating  with  alcoholic  potash  it  is 
converted  into  trihydroxynaphthalene,  and  it  is  oxidized  to 
phthalic  acid  by  alkaline  potassium  permanganate. 

Pentabrom-a-naphthol,  C10H2Br5(OH),  was  obtained  by 
Bliimlein,  who  added  1  grm.  of  aluminium  to  150  grms.  of 
bromine  and  brought  into  this  mixture,  cooled  to  0°,  10  grms. 
of  a-naphthol,  distilled  off  the  excess  of  bromine,  extracted  the 
residue  with  cumene,  and  then  recrystallized  it  from  phenol. 
Pentabromonaphthol  crystallizes  from  hot  xylene  in  slender, 
matted  needles,  which  are  scarcely  soluble  in  alcohol  and  ether, 
and  only  slightly  in  cumene.  It  melts  at  238 — 239°,  and  is 
oxidized  to  dibromophthalic  acid  by  continued  boiling  with 
nitric  acid.4 


HALOGEN    SUBSTITUTION-PRODUCTS    OF 
0-NAPHTHOL. 

The  Chloro-/3-Naphthols. 

2604  1-Chloro-fi-naphthol,  C10HgCl.OH,  was  first  obtained  by 
Schall  by  the  action  of  chlorine  on  sodium  /3-naphthate 
suspended   in   carbon   disulphide.5      It   is    also    formed   when 

1  Gazzetta,  9,  544. 

*  Gazzetta,  6,  1117  ;  Fittig  and  Erdmann,  Annalen,  227,  242. 

3  Meldola,  Journ.  Chem.  Soc.  1884,  1,  156. 

4  Bcr.  17,  2485.  6  Ber.  16,  1901. 
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chlorine  is  passed  into  a  solution  of  /3-naphthol  in  acetic  acid  x 
and  is  quantitatively  obtained  when  /3-naphthol,  suspended  in 
three  parts  of  carbon  disulphide,  is  heated  with  one  molecule 
of  sulphuryl  chloride.2  It  readily  dissolves  in  alcohol  or  glacial 
acetic  acid,  crystallizes  from  hot  water  in  micaceous  scales,  and 
from  chloroform  in  monosymmetric  prisms,  melting  at  70°. 
When  it  is  heated  with  phosphorus  chloride  until  hydrochloric 
acid  ceases  to  be  evolved,  the  product  contains  : 

1  :  2-Chloronaphthyl  phosphate,  (C10H6Cl.O)3PO,  which  is  left 
when  the  mass  is  treated  with  water  as  a  white  powder.  It 
is  only  slightly  soluble  in  boiling  alcohol,  and  crystallizes  from  it 
in  microscopic  needles,  melts  at  152°,  and  solidifies  on  cooling  to  a 
vitreous  mass.  On  heating  the  chloronaphthol  more  strongly  with 
phosphorus  pentachloride,  1  :  2-dichloronaphthalene  is  formed. 

4t'-Chloro-/3-naphthol  is  obtained  from  the  corresponding 
/S-naphthylaminesulphonic  acid,  and  sublimes  in  long  needles, 
melting  at  128°.s 

2>  -Chloro-jB-naphihol  is  formed,  together  with  2  :  3'-dichloro- 
naphthalene,  when  potassium  /3-naphthol-/3-sulphonate  is  heated 
to  165°  with  phosphorus  pentachloride  and  the  product  dis- 
tilled with  water  ;  the  dichloronaphthalene  is  thus  volatilized, 
and  the  chloronaphthylphosphoric  acid,  which  is  at  first  formed, 
decomposed.  The  chloronaphthol  separates  out,  when  the 
residue  is  allowed  to  cool,  in  fine  needles,  which  melt  at  115°, 
and  sublime  in  lustrous,  slender  prisms.  It  is  oxidized  to 
a-chlorophthalic  acid  by  nitric  acid.4 

1  : 3-Dichloro-fi-naphthol,  C10H6C12.OH.  When  chlorine  is 
allowed  to  act  on  /3-naphthol,  the  l-chloro-/3-naphthol  which  is 
first  formed  is  readily  converted  into  dichloro-/3-ketonaphthalene  : 

/CCtC.OH  /CC12— CO 

C0H  /  |  +  Cl2  =  C0H4<  |        +  HC1. 

XCH— CH  \CH  =  CH 

The  latter  then  combines  with  chlorine  to  form  tetrachloro- 
/3-ketohydronaphthalene,  which  is  converted  by  boiling  with 
alcohol  into  trichloro-jS-ketonaphthalene : 

CC12 CO  /CC1—  CO 

C6H4<  |  =  C6H  /       '     |        +  HC1. 

\CHC1-CHC1  \CH=CC1 

1  Cleve,  Bar.  21,  891. 

3  Armstrong  and  Rossiter,  Proa.  Chem.  Soc.  1889    71. 

3  Claus,  J.  Pr.  Chem.  II.  39,  315. 

4  Claus  and  Zimmermann,  Bar.  14,  1483  ;  Claus  and  Dehn,  Bcr.  15,  321. 
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This  substance,  on  reduction  with  stannous  chloride  or  sodium 
sulphite,  yields  1  :  3-dichloro-/3-naphthol,  which  crystallizes  from 
hot,  light  petroleum  in  nodular  masses  of  slender,  lustrous 
needles,  melting  at  80 — 81°. 

1  :  4<-Dichloro-/3-naphthol  is  formed,  together  with  the  pre- 
ceding compound,  by  the  reduction  of  tetrachloroketohydro- 
naphthalene.  The  two  substances  are  separated  by  adding  a 
little  water  to  the  solution  of  the  mixture  in  acetic  acid ;  the 
precipitate  thus  formed  consists  chiefly  of  the  1  : 4-compound, 
which  is  purified  by  recrystallization  from  light  petroleum.  It 
forms  long,  hard,  white  needles,  united  to  form  masses  resembling 
asbestos,  and  melts  at  123 — 1240.1 

A  third  dichloro-/3-naphthol  is  formed  when  /?-naphtholdi- 
sulphonic  acid  is  heated  with  phosphorus  pentachloride.  It 
crystallizes  from  hot  water,  in  which  it  is  only  slightly  soluble, 
in  small  plates,  melting  at  125°.2 

1:3:  4-TricMoro-P-naphthol,  C10H4C13.OH.  The  trichloro- 
ketonaphthalene  mentioned  above  combines  with  chlorine  to 
form  pentachloroketohydronaphthalene,  which  is  reduced  by 
stannous  chloride  to  trichloro-/S-naphthol : 

CCL CO  /CCI=C.OH 

C6H4<  I         +  SnCl2  =  C6H4<  I  +  SnCl4. 

\CHC1  — CC12  \CC1=CC1 

It  crystallizes  from  glacial  acetic  acid  in  needles,  and  melts  at 
162°  (Zincke). 

The  Bromo-/3-Naphthols. 

2605  l-Bromo-fi-naphthol,  C10H6Br.OH,  is  obtained  by  the 
action  of  bromine  on  a  solution  of  /3-naphthol  in  glacial  acetic 
acid,  and  crystallizes  in  lustrous  needles,  which  melt  at  84°,  and 
are  readily  soluble  in  alcohol.  On  oxidation  it  yields  phthalic 
acid.3 

Dibromo-/3-naphthol,  C10H5Br2.OH,  is  formed  when  one  mole- 
cule of  /3-naphthol  is  treated  with  two  molecules  of  bromine. 
It  crystallizes  from  light  petroleum  in  woolly  needles,  melting 
at  106  V  whilst  it  separates  from  acetic  acid  in  prisms  melting  at 
84°,  and  containing  a  molecule  of  acid  which  is  lost  in  the  air. 

1  Zincke,  Ber.  21,  3378.  2  Claus  and  Schmidt,  Ber.  19,  3172. 

3  A.  J.  Smith,  Journ.  Chem.  Soc.  1S79,  1,  789. 
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On  oxidation  with  potassium  permanganate  it  yields  bromo- 
phthalic  acid.1 

Tetrabromo-ft-naphtliol,  C10H3Br4.OH,  was  obtained  by  Smith 
by  employing  an  excess  of  bromine.  It  crystallizes  in  white 
needles,  melting  at  156°,  and  is  also  oxidized  by  potassium 
permanganate  to  a  bromophthalic  acid. 

Pentabromo-fi-naphihol,  C10H2Br6.OH,  is  formed  when  a  small 
quantity  of  aluminium  is  dissolved  in  bromine  and  /3-naphthol 
gradually  added.  It  is  insoluble  in  alcohol,  ether,  and  glacial, 
acetic  acid,  slightly  soluble  in  hot  benzene,  and  more  readily  in 
nitrobenzene,  from  which  it  crystallizes  in  needles.  It  separates 
out  as  a  crystalline  precipitate,  melting  at  237°,  when  ether  is 
added  to  its  solution  in  phenol.  When  it  is  heated  with  dilute 
alcohol  and  caustic  soda,  the  sodium  salt  is  formed,  and  crys- 
tallizes on  cooling  in  silky,  elastic  needles,  which  are  often  an 
inch  in  length.  Nitric  acid  oxidizes  it  to  tribromophthalic 
acid.2 

2606  1-Iodo-ft-napMhol,  C10H6I.OH,  was  prepared  by  Meldola 
by  dissolving  20  grms.  of  /3-naphthol  with  an  equal  amount 
of  lead  acetate  and  anhydrous  sodium  acetate  in  glacial  acetic 
acid,  and  dropping  in  a  solution  of  35'2  grms.  of  iodine  in  acetic 
acid  : 

2C10H8O  +  41  +  Pb(C2H302)2  =  2C10H7IO  +  Pbl2  +  2C2H402. 

It  crystallizes  from  alcohol  in  prismatic  needles,  melts  at  94'5°, 
and  is  oxidized  to  phthalic  acid  by  potassium  permanganate.3 


NITRO-SUBSTITUTION-PRODUCTS    OF 

a-NAPHTHOL. 

2607  1-N%tro-a-na]Mhol,  C10H6(NO2)OH,  is  formed  when  the 
corresponding  nitro-acetonaphthalide,  C10H6(NO2)NH.CO.CH3, 
or  nitrobenzonaphthalide,  C10H6(NO2)]SriI.CO.C6H5,  is  boiled  with 
caustic  potash  solution,4  and  when  sodium  nitrite  is  added  to  an 
acid  solution  of  a-diazonaphthalene  sulphate.6     It  crystallizes  in 

1  Armstrong  and  Eossiter,  Proc.  Chem.  Soc.  1889    71. 

2  Flessa,  Ber.  17,  1479. 

3  Journ.  Chem.  Soc.  1855,  1,  525. 

4  Liebermann,  Annalen,  183  245  ;  Lellmann  and  Remy,  Ber.  19,  801  ;  Worms, 
Ber.  15,  1873.  s  Deninger,  Journ.  Chem.  Ind.  8,  538. 
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long,  narrow,  greenish-yellow  plates,  melting  at  128°,  is  only 
slightly  soluble  in  dilute  alcohol,  even  less  readily  in  water,  and 
volatilizes  with  steam  like  o-nitrophenol. 

Potassium  2-nitro-a-naphthatc,  C10H6(NO2)OK,  crystallizes  in 
purple-red  needles. 

Barium  2-nitro-a-naphthate,  [C10H6(NO2)O]2Ba+3H2O,  forms 
lustrous  red  needles. 

4 : 1-Nitronaphthol  was  ^  first  obtained  by  Dusart  in  small 
quantity  by  the  continued  action  of  caustic  potash  and  lime  on 
a-nitronaphthalene  in  presence  of  air,  and  was  named  by  him 
nitro-oxynaphthalenic  acid.1  Darmst'adter  and  Nathan  then  re- 
cognised it  as  a  nitronaphthol.2  It  is  prepared  in  a  similar 
manner  to  the  preceding  compound  from  the  corresponding 
nitrated  naphthalide.3  It  is  readily  soluble  in  alcohol,  and 
crystallizes  from  hot  water  in  golden-yellow  needles,  which  melt 
at  164°,  and  are  not  volatile  with  steam. 

C10H6(NO2)OK,  small,  deep  orange-red  crystals. 
C10H6(NO2)ONa  +  2H20,  brilliant,  carmine-red  needles. 
(C10H6(NO2)O)2Ba  +  H20,  lustrous,   dark-red  needles,  with  a 
blue  surface  lustre.4 

Its  sodium  salt  was  formerly  manufactured  and  sold  under  the 
name  of  French  yellow  or  chryse'ic  acid. 

2-BromoA-nitro-a-naphthol,  C10H5Br(NO2)OH,  was  obtained 
by  Meldola  by  heating  the  corresponding  acetobromonitro- 
naphthalide  with  concentrated  caustic  soda  solution.  It  crys- 
tallizes from  alcohol  in  silky-yellow  needles,  which  melt  with 
decomposition  at  about  136°.5  An  isomeric  compound  was 
obtained  by  Biedermann  and  Bemmers  from  the  acetobromo- 
nitronaphthalide,  melting  at  229°.  It  crystallizes  in  golden- 
yellow  needles,  melts  at  142°  and  commences  to  decompose  at 

145°.6 

4<-Iodo-2-nitro-a-naphthol,  C1oH6I(N02)OH(4  :  2  : 1),  was  pre- 
pared by  Meldola  from  acetiodonitronaphthalide.  It  is  in- 
soluble in  cold,  and  scarcely  soluble  in  boiling  water,  crystallizes 
from  alcohol  in  yellow  needles,  melting  at  145 — 146°,  and  dyes 
silk  or  wool  a  fine  yellow. 

1  Compt.  Mend.  52,  H83.  2  Ber.  3,  943. 

3  Andreoni  and  Biedermann,  Ber.  6,  342  ;  Hiibner,  AnnaUn,  208,  325. 

*  Biedermann,  Bur.  6,  HI 7.  5  Journ.  Chem.  Soc.  1885,  1,  497. 

«  Ber.  7,  538. 
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2608  Dinitro-a-napMhol,  C10H5(NO2)2OH(4  :  2  : 1).  In  1856 
Ganahl  and  Chiozza  obtained  a  fine  yellow  colouring  matter 
with  acid  properties,  to  which  they  provisionally  assigned  the 
formula  C9H6N204,  by  the  action  of  nitrous  fumes  on  the 
nitrate  of  amidonaphthalene  moistened  with  a  little  water ; l 
this  formula  was  changed  to  C10H6NO4  by  Gerhardt,2  who  looked 
upon  the  compound  as  the  imide  of  a  dibasic  acid,  C10H7(NO2)O4. 
It  was  then  found  by  Martius  in  1865  that  when  a  solution  of 
a-amidonaphthalene  hydrochloride  is  treated  in  dilute  solution 
with  the  amount  of  potassium  nitrite  necessary  to  form  a  diazo- 
salt,  the  calculated  quantity  of  nitric  acid  added,  and  the  whole 
gradually  heated  to  boiling,  a  vigorous  evolution  of  nitrogen 
takes  place,  and  a  yellow,  frothy  mass  of  dinitronaphthol 
separates  out.3 

Darmstadter  and  Wichelhaus  have  subsequently  observed 
that  the  same  compound  is  formed  when  a  solution  of  a- 
naphtholsulphonic  acid  is  brought  into  nitric  acid  and  gently 
heated.4  Resinous  products  are  formed  in  considerable  quantity 
in  this  reaction,  whereas  a-naphthol-2  : 4-disulphonic  acid  is 
quantitatively  converted  into  dinitronaphthol  under  the  same 
conditions.5  According  to  Ballo  it  is  also  formed  by  the  action 
of  fuming  nitric  acid  on  a-naphthylamine,6  and  when  the  nitro- 
a-naphthols  are  boiled  with  nitric  acid  in  dilute  alcoholic  solu- 
tion.7 It  was  also  obtained  by  Darmstadter  and  Nathan  by 
adding  potassium  nitrite  to  a  solution  of  a-naphthol  in  sulphuric 
acid,  and  R.  S.  Dale  observed  that  it  is  formed  when  a  solution 
of  a-naphthylamine  in  aqueous  sulphuric  acid  is  saturated  with 
nitrogen  trioxide,  evolved  by  the  action  of  sulphuric  acid  on 
sodium  nitrite,  and  then  heated  to  boiling.8 

It  was  at  first  prepared  on  the  large  scale  by  adding  sodium 
nitrite  to  an  acid  solution  of  a-naphthylamine  until  a  small 
quantity  of  the  liquid  gave  a  cherry-red  precipitate  of  diazo- 
amidonaphthalene  with  caustic  soda,  and  then  adding  nitric  acid 
and  heating  slowly  to  the  boiling-point.  Instead  of  following 
this  process,  Messrs.  Roberts,  Dale,  and  Co.  dissolved  the 
naphthylamine  in  an  excess  of  tolerably  concentrated  sulphuric 
acid,  added  sodium  nitrite,  and  heated  the  mixture ;  the  froth 
of  dinitronaphthol   was   then   removed,  and   a-naphthlyamine 

1  Annalen,  99,  242.  2   TraM,  4,  1026.     .  3  Jahresb.  1865,  568. 

4  Annalen,  152,  298.  6  Bender,  Ber.  22,  969.        6  Ber.  3,  288. 

7  Darmstadter  and  Nathan,  Ber.  3,  943  ;  Liebermann,  Annalen,  183,  249. 

8  Private  communication. 


MANCHESTER  YELLOW  99 

together  with  the  necessary  quantities  of  sulphuric  acid  and 
sodium  nitrite  added  to  the  cold  mother-liquor.  A  fresh 
quantity  of  dinitronaphthol  was  formed  on  heating,  and  this 
process  was  continued  until  the  mother-liquor  became  too  con- 
centrated. At  the  present  time  a-naphthol  is  cheaper  than 
a-naphthylamine  and  is  therefore  used  for  the  preparation  of 
dinitronaphthol.  It  is  either  dissolved  in  an  equal  weight  of 
sulphuric  acid,  and  the  solution,  which  contains  1:2:  4-naphthol- 
disulphonic  acid,  heated  with  nitric  acid  or,  more  simply,  heated 
to  100°  with  a  mixture  of  nitric  and  sulphuric  acids. 

Dinitronaphthol  is  scarcely  soluble  in  boiling  water,  only 
slightly  in  alcohol,  ether,  or  benzene,  and  crystallizes  in  lemon- 
yellow  needles  or  from  glacial  acetic  acid  in  long  prisms,1  melting 
at  138°.  It  dissolves  in  cold  concentrated  nitric  acid  without 
decomposition,  but  is  oxidized  on  heating  to  oxalic  and  phthalic 
acids. 

Sodium  dinitronajphthate,  C10H5(NO2)2ONa  +  H20,  is  readily 
soluble  in  water  and  crystallizes  in  small  yellowish-red  needles. 

Calcium  dinitronajphthate,  [C10H5(NO2)2O]2Ca  +  6H20,  forms 
long,  orange-yellow  needles,  which  are  not  readily  soluble  in 
water. 

Both  of  these  salts  occur  in  commerce  under  the  name  of 
Martius  Yellow  or  Mancliester  Yellow,  because  dinitronaphthol 
was  first  manufactured  by  Koberts,  Dale  and  Co.  It  is  also 
known  as  Safran  Yellow  and  Jaune  d'Or.  The  acidified  solution  of 
these  salts  dyes  silk  or  wool  a  brilliant  golden-yellow,  and  in 
combination  with  red  colours  produces  various  shades  of  reddish- 
yellow  to  scarlet,  whereas  picric  acid  does  not  give  such  good 
mixed  shades,  inasmuch  as  when  applied  alone  it  dyes  a  greenish- 
yellow. 

Naphthol  yellow  is  poisonous  to  many  animals.  Babbits  are 
not  much  affected  by  it,  but  dogs  are  killed  even  by  relatively 
small  doses.  A  dog  weighing  6,850  grms.,  for  example,  was 
killed  by  doses  of  0'5  grm.  of  the  sodium  salt  on  two  consecutive 
days,  and  1  grm.  on  the  third  day,  on  which  it  died,  whilst  four 
doses  of  01  grm.  each  per  day,  and  0'2  grms.  administered  by 
subcutaneous  injection,  sufficed  to  kill  a  dog  weighing  8,800 
grms.2 

Ethyl  dinitro-a-naphthate,  G^TI^O^OG^H.,,  was  obtained 
by  Martius  from  the  silver  salt  by  the  action  of  ethyl  iodide.     It 
crystallizes  from  alcohol  in  long,  yellow  needles,  and  melts  at  88°. 
1  Ekstrand,  Ber.  11,  162.  2  Weyl,  Ber.  21,  2191. 
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Naphthylpurpuric  acid,  CnH7N304,  is  not  known  in  the  free 
state.  Its  potassium  salt  is  best  prepared  by  dissolving  6  parts 
of  dinitro-a-naphthol  in  40  times  its  weight  of  boiling  alcohol, 
and  gradually  adding  a  solution  of  potassium  cyanide  in  dilute 
alcohol : 

C10H„N2O6  +  2KCN  +  2H20  =  CnH6K]Sr304  +  KHC03  +  NH3. 

It  crystallizes  from  hot  water  in  irregular  brown  microscopic 
plates,  which  have  a  dull  appearance  after  drying,  whereas  if  it 
be  pressed  when  damp  it  is  obtained  as  a  mass  which  has  a 
green  surface  lustre,  and  forms  a  dark,  reddish-brown  solution  in 
water.  On  heating  with  nitric  acid,  nitronaphthol,  dinitronaph- 
thol  and  oxalic  acid  are  formed,  whilst  fusion  with  potash 
yields  benzoic  acid,  phthalic  acid,  and  hemimellitic  acid. 

Indophane,  C22H10N4O4,  is  formed,  together  with  the  preced- 
ing compound,  when  aqueous  solutions  are  employed,  and  is  a 
violet  mass  which  has  a  green  metallic  lustre,  is  insoluble  in 
water,  alcohol,  &c,  and  forms  purple-red  solutions  in  sulphuric 
acid  and  hot  glacial  acetic  acid.  When  it  is  heated  with  caustic 
potash,  the  insoluble  compound  C22H9KN404  +  H20  is  formed, 
which  after  drying  shows  the  colour  and  lustre  of  indigo,  a 
characteristic  which  is  shared  by  the  sodium  salt. 

On  fusion  with  caustic  potash  it  yields  the  same  products  as 
potassium  naphthylpurpurate.1 

Trinitro-a-naphthol,  C10H4(NO2)3OH,  which  is  also  called 
napliihapicric  acid,  is  formed  by  the  action  of  nitric  and  sul- 
phuric acids  on  dinitro-a-naphthol,2  and  is  only  slightly  soluble 
in  water,  alcohol,  and  benzene.  It  crystallizes  from  hot  glacial 
acetic  acid  in  light-yellow,  glittering  plates  or  small  prisms,  which 
melt  at  176°,  and  yield  ^-nitrophthalic  acid  on  oxidation.  Its 
yellow  or  red  salts  crystallize  readily,  and  detonate  on  heating. 

Ethyl  trinitro-a-naphthate,  C10H4(NO2)3OC2H6,  was  prepared 
by  Stadel  from  a-naphthyl  ethyl  ether  by  direct  nitration ;  it 
crystallizes  from  alcohol  in  lustrous,  yellow  needles,  which  melt 
at  148°.3 

Tetranitro-a-naphthol,  C6H3(N02)4OH,  is  formed  when  tetra- 
nitro-a-bromonaphthalene  is  heated  with  sodium  carbonate 
solution,  and  crystallizes  from  hot  glacial  acetic  acid  or  benzene 

1  Sommaruga,  Annalen,  157,  327. 

2  Ekstrand,  Ber.  H,  161  ;  Merz  and  DieM,  Ber.  H,  1661. 

3  Annalen,  217,  170. 
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in  yellow,  lustrous  splinters  or  flat  needles,  melting  at  180°.  It 
is  oxidized  by  dilute  nitric  acid  to  a-dinitrophthalic  acid.  Its 
yellow  or  red  salts  are  only  slightly  soluble  in  water,  readily  in 
alcohol.1  It  dyes  silk  and  wool  a  fine  yellow,  and  was  for  some 
time  sold  under  the  name  of  "  Sonnengold  "  or  Eeliochrysine ;  it 
was  afterwards  given  up  since  it  fades  in  the  light. 


NITRO-SUBSTITUTION-PRODUCTS  OF 
/3-NAPHTHOL. 

2609  1-Nitro-fi-napMhol,  C10H6(NO2)OH,  was  first  obtained 
by  Stenhouse  and  Groves  by  the  oxidation  of  nitroso-/S-naphthol.2 
Liebermann  and  Jacobsen  then  prepared  it  by  boiling  nitro-/3- 
acetonaphthalide  with  dilute  caustic  soda  solution.3  It  crystal- 
lizes from  alcohol  in  small  yellow  plates,  needles  or  prisms, 
melting  at  103°.  Its  sodium  salt  crystallizes  in  red  prisms,  and 
is  insoluble  in  caustic  soda  solution. 

Nitro-p-naphthyl  acetate,  C10H6(NO2)O.C2H3O,  is  formed  by 
the  action  of  acetyl  chloride  on  the  sodium  salt,  and  crystallizes 
from  light  petroleum  in  long  colourless  needles,  melting  at  61°. 4 

Dinitro-fi-naphthol,  C10H5(NO2)2OH,  is  formed  when  an  alco- 
holic solution  of  /3-naphthol  is  heated  with  dilute  nitric  acid.5 
It  is,  however,  best  obtained  from  /3-amidonaphthalene  by  dis- 
solving 50  grms.  of  this  with  30  grms  of  hydrochloric  acid  in  1 
litre  of  water,  cooling  the  solution  to  30 — 40°,  and  adding  a  mix- 
ture of  100  grms.  of  sulphuric  acid  and  1  litre  of  water ;  the 
whole  is  then  diluted  to  3  litres,  cooled  to  15°,  and  treated  with 
a  solution  of  25  grms.  of  sodium  nitrite  in  water.  When  the 
precipitated  /3-amidonaphthalene  sulphate  has  redissolved,  the 
liquid  is  boiled  with  400  c.c.  of  nitric  acid  of  sp.  gr.  1'35.6 

It  crystallizes  in  lustrous,  light-yellow  needles,  which  become 
brown,  and  melt  at  195°,  and  are  very  slightly  soluble  in  boiling 
water,  more  readily  in  alcohol,  and  readily  in  ether.  It  dyes 
wool  and  silk  a  fine  yellow.  Most  of  its  salts  are  only  slightly 
soluble  in  water.  On  oxidation  it  yields  a-nitrophthalic  acid, 
and  can  be  converted  into  a  triamido-compound  which  contains 
two  arnido-groups  in  the  ortho-  (1  :  2)  position.7 

1  Merz  and  Weith,  Ber.  15,  2708.  "-  Annalen,  189,  145. 

3  Wallaeh  and  Wichelhaus,  Ber.  3,  846.  4  Bbttcher,  Ber.  16,  1933. 

6  Wallaeh  and  Wichelhaus,  loc.  cit.  6  Grabe  and  Drews  Z?cr.  17,  1170. 

7  Loewe,  Ber.  23,  2546. 
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Ethyl  dinitro-fi-naphthate,  C10H5(NO2).,OC2H5,  crystallizes  in 
light-yellow  needles,  and  melts  at  138°. 

Ethyl  trinitro-p-naphthate,  C10H4(NO2)3.OC2H6,  is  obtained  by 
the  nitration  of  ethyl-/3-naphthyl  ether,  and  crystallizes  in  large, 
light-yellow,  lustrous  needles,  melting  at  1860.1 

Dinitro-ji-naphthol  ethyl  ether,  C10H6(NO2)2(OC2H6)  (2:4':  1'), 
is  obtained  by  the  action  of  well-cooled  fuming  nitric  acid  on 
the  diethyl  ether  of  /3-naphtholmonosulphide.  It  crystallizes 
from  alcohol  in  long,  slender,  silky,  light-yellow  needles,  melting 
at  215°.  On  oxidation  with  dilute  nitric  acid  at  160°  it  yields 
dinitrophthalic  acid  (C02H  :  C02H  :  N02 :  N02  =  1:2:3:  6).2 

Trinitrochloronaphthol  is  obtained  by  heating  trinitrodichloro- 
naphthalene  with  caustic  soda  solution  and  a  little  alcohol. 
It  crystallizes  from  glacial  acetic  acid  in  light-yellow  needles, 
which  contain  a  molecule  of  acetic  acid,  and  melt  with  decom- 
position at  156°.3     It  forms  crystalline,  orange-coloured  salts. 


THE  SULPHONIC  ACIDS  OF  a-NAPHTHOL. 

a-NAPHTHOL-a-SuLPHOXIC  ACIDS. 

2601  1  :  4>-Naphtholsulfho7iic  acid,  C10Hg(OH)SO3H,  was  ob- 
tained by  Erdmann  from  1  : 4-naphthylaminesulphonic  acid, 
which  is  usually  termed  naphthionic  acid,  by  converting  it  into 
the  diazo-compound,  and  bringing  this  in  the  moist  state  into  a 
boiling  mixture  of  100  grms.  of  concentrated  hydrochloric  acid 
and  400  grms.  of  water.  It  was  then  converted  into  the  lead 
salt,  and  the  latter  decomposed  by  sulphuretted  hydrogen  in 
aqueous  solution.*  It  crystallizes  in  transparent  tablets,  which 
become  dark-coloured  at  120°,  and  melt  at  170°  with  evolution 
of  gas  when  they  are  rapidly  heated.  Dilute  nitric  acid  con- 
verts it  into  dinitro-a-naphthol,  resinous  products  being  also 
formed.  Its  aqueous  solution  has  a  strongly  acid  reaction,  and 
an  astringent  taste ;  ferric  ■  chloride  produces  in  it  a  fugitive 
blue  colouration  which  becomes  red  on  heating  and  disappears 
again  when  the  solution  cools.  When  potassium  dichromate  is 
added  to  the  aqueous  solution  a  brownish-red  colouration  is 
produced,  and  the  liquid  becomes  turbid  on  heating ;  if  sulphuric 

1  Stadel,  Annalen,  217,  171.  s  Onufrowiez,  Scr.  23,  3361. 

3  Cleve,  Ber.  23,  957.  4  Annalen,  247,  341. 
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acid  be  now  added  a  smell  of  a-naphthoquinone  becomes 
perceptible,  and  this  substance  soon  separates  out  in  yellow, 
glittering  crystals. 

A  solution  of  the  acid  gives  with  1  :  4-diazonaphthalene 
sulphonic  acid  in  presence  of  sodium  acetate  a  bluish-red  colour- 
ing matter  (Azorubin  S.),  which  is  neither  altered  by  acids  nor 
alkalis.  The  acid  is  prepared  on  the  large  scale  by  heating 
100  kilos  of  sodium  naphthionate  with  100  kilos  of  caustic  soda 
solution  of  50  per  cent,  for  8 — 10  hours  to  240 — 260°  under 
pressure.1 

According  to  the  patent  of  Dahl  and  Co.,  it  is  obtained  by 
diazotising  20  kilos,  of  naphthionic  acid  with  7  kilos,  of  sodium 
nitrite,  filtering  off  the  diazo-acid  formed,  pressing,  and  then 
bringing  it  into  100  litres  of  boiling  water  acidified  with 
sulphuric  acid.  As  soon  as  the  evolution  of  gas  has  ceased,  the 
solution  is  neutralized  with  milk  of  lime,  and  the  calcium  salt 
converted  into  the  sodium  salt,  which  is  soluble  in  alcohol  of 
90  per  cent.,  from  which  it  crystallizes  in  large  needles.  It  is 
employed  in  the  preparation  of  azo-colouring  matters.2 

1  :  4' '  -Naphiholsulphonic  acid  was  prepared  by  Erdmann  from 
the  corresponding  naphthylaminesulphonic  acid  ;  it  forms  an 
indistinctly  crystalline  mass,  which  melts  at  110 — 120°,  and 
yields  with  1  : 4-diazonaphthalenesulphonic  acid  a  colouring 
matter,  which  can  only  be  distinguished  from  the  corresponding 
1  :  4-derivative  by  its  somewhat  bluer  shade. 

1  :  V -Naphtholsulphonic  acid  is  not  formed  in  the  free  state 
when  1  :  l'-diazonaphthalenesulphonic  acid  is  treated  with  water, 
alcohol,  or  dilute  acids,  but  forms  an  anhydride  which  may  be 
considered  as  a  kind  of  lactone  : 3 

SO— O 


Naphthosultone,  C10H6O3,  as  it  is  termed  by  Erdmann,  is  the 
first  example  of  a  new  class  of  compounds,  the  sultones  (con- 
tracted from  sulpholactones),  which  are  derived  from  the  7- 
hydroxysulphonic  acids  in  the  same  way  as  the  lactones  from 
the  <y-hydroxycarboxylic  acids. 

1  Actiengesellsch.  Anilinfarb.  Berlin.     Ber.  22,  116  c. 

"  Schultz,  Steinkohlenthcer,  1,  629.  3  Schultz,  Ber.  £1,  3162. 
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Naphthosultone  is  scarcely  soluble  in  water,  slightly  in  alcohol, 
but  readily  in  hot  benzene,  from  which  it  crystallizes  on  gradual 
evaporation  in  very  broad,  transparent  prisms,  which  have  a 
vitreous  lustre,  and  melt  at  154°.  It  boils  above  360°,  and  forms 
a  vapour  the  specific  gravity  of  which  is  7'26  (Erdmann). 

Its  great  stability  towards  alkalis  is  remarkable,  as  it  is  not 
altered  by  these  in  the  cold,  but  forms  1  :  l'-naphtholsulphon- 
ates  on  heating,  the  solution  simultaneously  becoming  yellow. 

The  free  1  :  l'-naphtholsulphonic  acid  is  obtained  by  decom- 
posing the  lead  salt,  suspended  in  water,  with  sulphuretted 
hydrogen.  The  solution  can  be  concentrated  over  the  Bunsen 
flame  without  any  alteration  of  the  acid.  If  it  be  then  allowed 
to  evaporate  in  a  vacuum  over  sulphuric  acid,  the  1  :  l'- 
naphtholsulphonic  acid  is  obtained  as  a  radiating  brittle  crys- 
talline mass,  which  contains  a  molecule  of  water,  is  readily 
soluble  in  water,  and  has  an  acid  reaction  and  a  bitter  taste. 
Its  great  stability  on  heating  is  exceptional ;  it  melts  at 
106 — 107°  and  solidifies  immediately  on  cooling.  If  it  be  more 
strongly  heated  it  boils  violently  at  180°  and  gives  off  its  water 
of  crystallization,  after  which  it  does  not  solidify  on  cooling,  but 
dissolves  completely  when  brought  into  water.  At  a  still  higher 
temperature  partial  carbonization  occurs,  sulphur  dioxide  is 
given  off  and  a  slight  sublimate  of  naphthosultone  is  formed. 

Potassium  1  :  l'-naphtholsulphonate,  C10H6(OK)SO3K.  When 
naphthosultone  is  heated  under  pressure  with  concentrated 
caustic  potash  solution,  a  basic  salt  separates  out  on  cooling  in 
needles,  and  is  readily  converted  by  hydrochloric  acid  into  the 
soluble  normal  salt ;  the  latter  is  precipitated  from  solution  by 
potassium  chloride  in  small  lustrous  plates. 

Basic  Sodium  1 :  l'-naphtholsulphonate,  2C10He(OlSra)SO3Na  + 
3H20,  has  been  obtained  by  boiling  the  ammonium  salt  with 
caustic  soda ;  it  is  also  readily  soluble  in  water,  and  crystallizes 
from  caustic  soda  solution,  in  which  it  is  only  slightly  soluble 
even  on  heating,  in  masses  of  small  needles. 

Ammonium  1  :  l'-naphtholsulphonate,  C10H6(OH)SO3NH4,  is 
formed  when  the  sultone  is  heated  to  130°  with  dilute  alcoholic 
ammonia ;  it  crystallizes  in  lustrous  plates,  which  are  readily, 
soluble  in  water. 

Basic  Lead  1  :  l'-naphtholsulphonate,  C10H6OPbSO3  -|-  3H20, 
is  a  white  amorphous  or  microcrystalline  precipitate,  which  is 
obtained  by  adding  lead  acetate  to  a  hot  solution  of  the  am- 
monium salt  and  boiling  up  the  liquid  for  an  instant. 
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When  sodium  acetate  and  1 : 4-diazonaphthalenesulphonic 
acid  are  added  to  a  solution  of  the  ammonium  salt,  a  reddish- 
yellow  azo-colouring  matter  is  obtained,  the  colour  of  which  is 
converted  into  yellow  by  acids  and  deep-violet  by  alkalis.  Ferric 
chloride  added  to  a  solution  of  the  acid  or  its  ammonium  salt 
produces  a  splendid  dark-green  colouration,  which  passes 
through  yellow  to  red  ;  the  careful  addition  of  hydrochloric  acid 
renders  the  colour  still  finer,  but  it  is  destroyed  by  an  excess  of 
the  acid. 

Chloronaphthosultone,  C10H5ClSO3,  is  formed,  instead  of  1 :  l'~ 
dichloronaphthalene  (p.  41),  when  1  :  l'-diazonaphthalenesul- 
phonic  acid  is  heated  with  phosphorus  pentachloride  : 

,N=NX  ,0 

C„H <  g0s  >0  _  C„H.<  1 0;  +  ». 

/0  /0 

C10H6<  |        +  PC15  =  C10H6C1<  |        +  HC1  +  PC13. 

Chloronaphthosultone  crystallizes  from  alcohol  in  long  yellow 
needles,  melts  at  174 — 175°,  and  dissolves  in  a  boiling  concen- 
trated solution  of  caustic  potash ;  on  cooling  a  yellow  salt  is 
deposited,  the  aqueous  solution  of  which  is  coloured  dark  green 
by  ferric  chloride,  the  colour  changing  rapidly  to  a  splendid 
magenta  (Erdmann). 


a-NAPHTH0L-/3-SULPH0NIC  ACIDS. 

26 1 1  1  : 2-Naphtholsulphonic  acid  was  obtained  by  Schaffer, 
who  described  it  as  a-naphtholsulphonic  acid,  by  heating  a- 
naphthol  on  the  water-bath  with  twice  its  weight  of  sulphuric 
acid  until  it  was  completely  dissolved  and  not  precipitated  by 
the  addition  of  water ;  he  then  prepared  the  lead  salt  and 
decomposed  this  with  sulphuretted  hydrogen.1 

1  :  2-Naphtholsulphonic  acid  crystallizes  in  radiating  masses 
of  long  needles,  is  very  deliquescent,  and  becomes  brown  and 
melts  at  101°.  Ferric  chloride  added  to  the  aqueous  solution 
produces  a  deep-blue  colouration,  which  becomes  green  on 
heating,  but  changes  back  again  to  blue  on  cooling. 
1  Annalen,  152,  293. 
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Calcium  1 : 2-naphtholsulphonate,  (C10H7SO4)2Cu  -I-  3H20,  crys- 
tallizes in  small  very  lustrous  plates,  which  are  readily  soluble 
in  water,  less  readily  in  alcohol. 

Lead  1  :  2-napktholsitlphonate,  (C10H7SO4)2Pb  +  4H20,  forms 
aggregates  of  small  needles,  and  is  readily  soluble  in  water. 

The  constitution  of  this  acid  follows  from  the  fact  that  it  is 
converted  by  the  further  action  of  sulphuric  acid  into  a 
disulphonic  acid,  which  is  also  obtained  from  1  : 4-naphthol- 
sulphonic  acid,  and  which  is  quantitatively  converted  by  nitric 
acid  into  dinitro-a-naphthol.1 

Dinitro-a-naphtholsulphonic  acid,  C10H4(NO2)2(OH)SO3H,  was 
discovered  by  Caro,  who  obtained  it  by  heating  a-naphthol- 
trisulphonic  acid  with  nitric  acid.  Lauterbach,  who  carefully 
investigated  it,  found  that  it  is  not  formed  by  the  action 
of  sulphuric  acid  on  dinitronaphthol.2  It  is  also  obtained 
when  sulphuric  acid  is  added  to  a  boiling  solution  of  calcium 
a-naphthylaminetrisulphonate,  sodium  nitrate,  and  sodium 
nitrite.3 

Dinitronaphtholsulphonic  acid  crystallizes  best  from  hydro- 
chloric acid,  in  long  yellow  needles,  and  is  an  excellent  yellow 
dye,  which  is  superior  to  dinitronaphthol  because  it  is  not 
volatile  and  therefore  adheres  more  firmly  to  the  fibre  and 
withstands  steaming.  It  also  differs  from  dinitronaphthol  in 
not  being  poisonous  (p.  99). 

Grabe  has  shown  that  dinitronaphtholsulphonic  acid  is 
oxidized  to  a-sulphophthalic  acid  when  its  aqueous  solution  is 
heated  with  nitric  acid,  and  it  follows  from  this  that  the  sulpho- 
group  is  in  the  position  2'  or  3'.4  This  point  has  been  decided 
by  Armstrong  and  Wynne,  who  have  found  that  dinitronaphthol- 
sulphonic acid  is  also  obtained  when  a-naphthylamine  -4  :  2'- 
disulphonic  acid  is  diazotized  and  the  product  heated  with  nitric 
acid.5    Its  constitution  is  therefore  N02 :  N02 :  S03H  =  2:4:2'. 

Potassium  dinitronaphtlwlsulphonatc,  C10H4(NO2)2(OK)SO3K, 
is  slightly  soluble  in  cold,  more  freely  in  hot  water,  and  forms 
lemon-yellow  crystalline  crusts,  which  become  coloured  deep-red 
on  heating  and  then  detonate.  It  is  found  in  the  market  under 
the  names  of  Naphihol  yellow  S,  or  Acid  yellow  S.  It  is  con- 
verted by  dilute  sulphuric  acid  into  the  more  soluble  acid  salt, 
C10H4(NO2)2(OH)SO3K. 

1  Bender,  Ber.  22,  993.  -  Ber.  13,  2028. 

s  Farbwerke,  vorm.  Meister,  Lucius  and  Bruning,  Ber.  16,  1517. 

4  Ber.  18,  1126.  5  Proc.  Chem.  Soc.  1889—1890,  16. 
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a-NAPHTHOLDISULPHONIC  ACIDS,  C10H5(OH)(SO3H)2. 

2612  Bender  found  that  1  :  2-  and  1  :  4-naphtholsulphonic 
acids  are  the  first  products  of  the  action  of  sulphuric  acid  on 
a-naphthol,  and  that  these  are  then  rapidly  converted  into 

1:2:  4t-Naphtholdisulpkonic  acid.  When  much  sulphuric  acid 
is  used,  and  especially  when  it  is  fuming  sulphuric  acid,  this 
disulphonic  acid  is  converted  into  a  trisulphonic  acid  which 
passes  into  a  new  disulphonic  acid  as  the  temperature  rises. 
If  only  a  small  amount  of  ordinary  sulphuric  acid  he  employed, 
the  trisulphonic  acid  is  formed  in  very  small  quantity,  and  the 
1:2:  4-disulphonic  acid  is  converted  into  the  isomeric  acid, 
which  yields  azo-colours  and  is  converted  by  nitric  acid  into 
dinitronaphtholsulphonic  acid,  resinous  products  being  also 
formed.  1:2:  4-Naphtholdisulphonic  acid,  on  the  other  hand, 
does  not  yield  azo-colours,  and  is  quantitatively  converted  into 
dinitronaphthol  by  nitric  acid,  whilst  on  boiling  with  hydrochloric 
acid  or  dilute  sulphuric  acid  a  sulpho-group  is  lost  and  a  mixture 
of  1  :  2-  and  1  :  4-naphtholmonosulphonic  acids  formed. 

1:3:  1' ' -Napliiholdisulphonic  acid,  is  prepared  from  the  corre- 
sponding a-naphthylaminedisulphonic  acid  by  converting  the 
sodium  salt  into  the  diazo-compound,  suspending  this  in  water, 
adding  a  little  sulphuric  acid  and  boiling.  Its  sodium  salt, 
C10H5(OK)(SO3Na)2  +  6H20,  crystallizes  in  long  prisms  and  is 
readily  soluble  in  water ;  its  solution  is  coloured  deep-blue  by 
ferric  chloride.  Concentrated  nitric  acid  acts  vigorously  upon  it 
on  warming,  but  without  the  production  of  a  colouring  matter 
analogous  to  naphthol-yellow.  With  diazo-compounds  it  yields 
colouring-matters,  which  are  remarkable  for  their  purity  of 
shade. 

NapMhosultonesulphonic  acid,  C10H5(O  —  S02)S03H,  is  formed 
when  the  diazo-compound  is  only  boiled  until  the  evolution  of 
nitrogen  has  ceased  and  the  solution  then  rapidly  cooled,  the 
sodium  salt,  C10H6(SO3)SO3Na  +  3H20,  being  thereby  obtained 
in  long  needles.  The  free  acid  also  crystallizes  in  needles,  and,  as 
well  as  its  alkali  salts,  is  readily  converted  into  the  disulphonic 
acid.  When  it  is  brought  into  a  solution  of  ammonia,  on 
the  other  hand,  naphtholsulphamidosulphonic  acid,  C10H5(OH) 
(S02.NH2)S03H,  is  formed.  This  acid  crystallizes  in  coarse 
needles  or  long,  slender  prisms,  and  is  moderately  soluble  in 
cold  water. 
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These  compounds  have  the  following  constitutions  :  l 


Disulphonic 
Acid. 

S03H  OH 


Sultonesulphonic 
Acid. 

SO,— 0 


Sulphamidosulphonic 
Acid. 

NH2S02  OH 


SOQH 


S03H 


SO,H 


1:4: 1' '  -Naphtholdisulphonic  acid,  or  a-Naphtholdisulphonic 
acid  8,  may  be  obtained  from  1  :  l'-amidonaphthalenesulphonic 
acid  by  either  of  two  methods.2 

The  amido-acid  may  be  converted  by  further  sulphonation  into 
a-naphthylaminedisulphonic  acid  8,  which  is  then  diazotized,  or 
the  1 : 1'  acid  itself  may  be  diazotized  and  the  naphthosultone 
thus  formed  further  sulphonated.  The  sodium  salt  is  very 
readily  soluble  in  water,  crystallizes  in  plates,  and  gives  a  deep- 
blue  colouration  with  ferric  chloride. 

1:4:  l'-Naphthosultonesulphonic  acid,  C10H5(SO2.O)SO3H,  is 
formed  by  the  action  of  concentrated  sulphuric  acid  on  the  pre- 
ceding compound,  and  is  the  first  product  of  the  sulphonation  of 
naphthosultone.  It  is  prepared  by  bringing  1  part  of  the  latter 
into  8  parts  of  cooled  sulphuric  acid,  containing  5  per  cent, 
of  anhydride,  allowing  the  mixture  to  stand  for  an  hour,  and 
then  pouring  it  gradually  into  a  mixture  of  12  parts  of  ice  and 
16  parts  of  saturated  salt  solution,  which  must  be  well  stirred 
and  cooled.  The  sodium  salt,  which  is  thus  formed,  crystallizes 
from  water,  in  which  it  is  much  less  soluble  than  the  salt  of  the 
disulphonic  acid,  in  elongated  hexagonal  plates  containing  three 
molecules  of  water.  It  gives  no  colouration  with  ferric  chloride. 
On  boiling  with  an  alkali,  or  for  some  time  with  dilute  sulphuric 
acid  or  water,  the  corresponding  salt  of  a-naphtholdisulphonic 
acid  is  formed. 

a-Naphtholsulphamidosulphonic  acid  S,  C10H5(OH)(SO2NH£) 
S08H.  The  sodium  salt  of  this  acid  is  formed  when  sodium 
naphthosultonesulphonate  is  brought  into  concentrated  ammonia 
solution.  It  crystallizes  in  rhomboid  plates,  containing  two 
molecules  of  water  (Bernthsen). 

a-Naphtholtrisulphonic  acid,  C10H4(OH)(SO3H)3>  is  formed,  as 
already  mentioned,  from  the  1:2: 4-disulphonic  acid.    It  crystal- 


1  Bernthsen,  Ber.  22,  3327. 

2  German  Patent  40571,  December  23rd,  18S5  ;  Bernthsen,  Bcr  23,  3090. 
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lizes  with  difficulty  in  slender  needles,  and  forms  a  readily  soluble 
potassium  salt,  which  crystallizes  well  (Lauterbach).  Nitric  acid 
converts  it  quantitatively  into  dinitronaphtholsulphonic  acid,  so 
that  the  sulpho-groups  must  have  the  position  2:4:2'. 


THE  SULPHONIC  ACIDS  OF  /3-NAPHTHOL. 

2613  The  first  product  of  the  action  of  sulphuric  acid  on 
/3-naphthol  is  /3-naphthyl  sulphate,  which  is  then  mainly  con- 
verted into  /3-naphthol-a-sulphonic  acid ;  this  subsequently 
passes  into  the  /3-  and  8-acids,  from  which  the  disulphonic  acids 
are  formed  on  further  heating  (p.  28) } 

ft-Naphthol-a-sulphonic  acid,  which  is  also  known  as  crocei'c 
acid,  is  formed,  together  with  its  isomerides,  when  /3-naphthol 
is  rapidly  added  to  twice  its  weight  of  concentrated  sulphuric 
acid,  but  the  temperature  not  allowed  to  rise  above  50 — 6O0.2  It 
has  also  been  obtained  from  the  corresponding  /3-naphthylamine- 
sulphonic  acid  by  means  of  the  diazo-reaction.3  It  is  only 
known  in  solution,  since  it  decomposes  into  /3-naphthol  and 
sulphuric  acid  on  evaporation.  It  may  be  separated  from  the 
/3-acid  by  means  of  its  basic  salts,  which  are  readily  soluble  in 
alcohol.  On  heating  its  salts  with  phosphorus  pentachloride, 
1  :  2'-dichloronaphthalene  is  formed,  whilst  a-naphthalene- 
sulphonic  acid  is  produced  when  the  hydroxyl  group  is  replaced 
by  hydrogen;4  on  oxidation  it  yields  v-sulphophthalic  acid,5 
and  has  therefore  the  following  constitution  : 


SO3H 


OH 


Normal  sodium  fi-naphthol-a-sulphonate,  C10H6(OH)SO3Na, 
crystallizes  in  lustrous,  six-sided  plates,  which  are  readily  soluble 
in  water,  but  only  slightly  in  alcohol. 

1  Armstrong,  Ber.  15,  200 ;  Green,  Journ.  Cliem.  Soc.  1889,  1,  33 ;  Schultz, 
Steinkohlentlieer,  1,  642. 

2  Farbwerke,  vorm.  Bayer  and  Co.,  Ber.  15,  1351,  1352. 

3  Bad.  Anilm-und  Sodafabrik,  Ber.  16,  448  ;  Bayer  and  Duisberg,  Ber.  20, 
1426. 

4  Pfitzinger  and  Duisberg,  Ber.  22,  396  ;  Nietzki  and  Ziibelin,  Ber.  22,  453. 
s  Bolting,  Ber.  22,  454. 
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Basic  sodium  fi-naphthol-a-sulphonate,  C10H6(ONa)SO3Na, 
crystallizes  from  hot  alcohol  in  spherical  aggregates  of  slender 
needles,  and  is  soluble  in  water  in  every  proportion. 

The  normal  and  basic  salts  of  calcium  and  barium  are  readily 
soluble  in  water,  but  not  in  absolute  alcohol. 

Lead  fi-naphthol-a-sulpihonate,  2(C10H7O.SO3)2Pb  +  5H20, 
crystallizes  in  lustrous  rhombohedra,  and  is  soluble  in  water  and 
dilute  alcohol. 

/3-Naphthol-a-sulphonic  acid  and  its  isomerides  are  employed 
for  the  manufacture  of  colouring  matters  which  will  be  sub- 
sequently described.  It  differs  from  the  isomeric  acids  inasmuch 
as  it  is  converted  by  heating  with  dilute  nitric  acid  into  dinitro- 
/3-naphthol-a-sulphonic  acid,  C10H4(GH)(NO2)2SO3H,  the  potas- 
sium salt  of  which,  C10H4(OK)(NO2)2SO3K,  crystallizes  in  small 
golden-yellow  plates,  and  is  called  crocein  yellow,  but  is  not 
employed  as  a  dye  because  it  is  dearer  than  naphthol  yellow  S.  It 
is  converted  by  dilute  acids  into  the  salt,  C10H4(NO2)2(OH)SO3K, 
which  crystallizes  in  long  yellow  needles.1 

$-Naphthol-fi-sulphonic  acid,  was  obtained  by  Schiiffer,  who 
termed  it  /3-naphtholsulphonic  acid,  in  the  same  way  as  a- 
naphtholsulphonic  acid  is  obtained  from  a-naphthol.  It  is  also 
formed  when  /3-naphthalenedisulphonic  acid  is  fused  with 
caustic  potash  2  and  crystallizes  in  small  plates,  which  have  an 
unctuous  touch,  are  not  deliquescent,  dissolve  readily  in  water 
and  alcohol,  and  melt  at  125°.  Its  aqueous  solution  is  coloured 
a  faint  green  by  ferric  chloride,  and  deposits  a  brown  flocculent 
precipitate  on  heating.  When  the  salts  of  the  acid  are  heated 
with  phosphorus  chloride,  2  :  3'-dichloronaphthalene  is  formed.3 

Calcium  jS-naphihol-fi-sulplionate,  (C10H7O.SO3)2Ca  +  5H20, 
crystallizes  in  light,  silky  plates,  which  are  readily  soluble  in 
water  and  alcohol. 

Lead  {3-iiaphthol-/3-siclphonatc,  (C10H7OSO3)2Pb  +  6H20,  is, 
readily  soluble  in  water,  less  freely  in  alcohol,  and  forms  silvery 
plates. 

/3-Haphthcl-B-sulphonic  acid,  is  formed,  together  with  the 
/3-/3-acid  when  /3-naphthol  is  heated  to  100°  with  sulphuric 
acid,4  and  when  a-naphthalenedisulphonic  acid  is  heated  with 

1  Farbwerke,  vorm.  Bayer  and  Co.,  German  Patent,  No.  18027  ;  Nietzki  and 
Ziibelin,  loc.  cit. 

2  Armstrong  and  Graham,  Journ.  Chem.  Soc.  1881,  1,  13,5. 

3  Claus  and  Zimmermann,  Bcr.  14,  1447. 

4  Green,  loc.  cit.  ;  Armstrong  and  Graham,  loc.  cit. 
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caustic  soda  solution  to  250°,  and  has  also  been  prepared  from 
the  corresponding  ,6-naphthylaminesulphonic  acid.1  It  crystal- 
lizes from  strong  hydrochloric  acid  in  needles  containing  water 
of  crystallization,  and  decomposes  on  heating  to  200°  with  the 
dilute  acid  into  sulphuric  acid  and  /3-naphthol.  Phosphorus 
pentachloride  converts  it  into  2  :  2'-dichloronaphthalene. 

Sodium  fi-naphthol-8-sulphonate,  2C10H7O.SO3Na  +  5H20 
forms  large  plates,  which  readily  dissolve  in  water,  to  which  they 
impart  a  blue  fluorescence,  and  are  reprecipitated  by  common 
salt.  The  barium  salt  crystallizes  in  indistinct  prisms,  and  is 
somewhat  more  readily  soluble  in  water  than  that  of  the  /3-acid. 

fi-Naphthol-a-disulphonic  acid,  C10H6(OH)(SO3H)2,  is  obtained, 
together  with  the  following  compound,  when  /3-naphthol  is 
heated  to  100 — 110°  with  2 — 3  parts  of  fuming  sulphuric  acid 
until  all  the  naphthol  is  attacked  ;  the  acids  are  then  separated 
by  means  of  their  barium  salts.2 

The  a-acid  crystallizes  in  silky,  deliquescent  needles,  which 
are  insoluble  in  ether.  With  diazo-salts  it  forms  deep-red  or 
violet  colouring  matters,  and  the  solutions  of  its  salts  have  a 
bluish-green  fluorescence,  which  is  increased  by  the  addition 
of  ammonia.  When  the  hydroxyl  group  is  replaced  by  hydrogen, 
a-naphthalenedisulphonic  acid  is  obtained  (Pfitzinger  and  Duis- 
berg). 

Barium  fS-napJitlwl-a-disulphonatc,  C10H6(OH)(SOs)2Ba  + 
6H20,  crystallizes  in  needles,  which  are  slightly  soluble  in 
cold,  more  readily  in  hot  water,  and  very  slightly  in  alcohol. 

fi-Naphthol-ft-disulphonic  acid,  also  forms  very  deliquescent, 
silky  needles,  which  are  insoluble  in  ether.  It  gives  orange  or 
light-red  colouring  matters  with  diazo-salts,  and  forms  salts 
which  have  a  bluish-green  fluorescence. 

Barium  ft-naphthol-fi-disulphonate,  C10H6(OH)(SO3)2Ba  + 
8H20,  crystallizes  in  small  white  prisms,  which  are  very 
readily  soluble  in  water,  but  only  slightly  in  alcohol. 

j3-Naphthol-<y-disulphonic  acid  was  obtained  by  Armstrong 
from  y6-naphthol  by  the  action  of  chlorosulphonic  acid.  It  forms 
a  barium  salt,  which  crystallizes  in  large,  hard  prisms,  and  is 
only  slightly  soluble  in  water.3 

jH-Naphtholtrisulphonic  acid,  C10H4(OH)(SO3H)3,  is  formed 
when   /3-naphthol    is    heated    for    a    considerable   time   with 

1  Bayer  and  Duisberg,  Bcr.  20,  145(5  ;  Weinberg,  Bcr.  20,  2906 ;  Schultz, 
Bcr.  20,  3158. 

2  Griesa,  Bcr.  13,  1956.  3  Bcr.  15,  203. 
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sulphuric  acid,  and  is  best  obtained  by  heating  one  part  of 
/3-naphthol  with  two  parts  of  sulphuric  acid  at  70 — 80°,  in  order 
that  the  monosulphonic  acid  may  be  obtained,  then  adding  two 
parts  of  sulphuric  acid  and  heating  for  some  time  at  120° 
and  finally  adding  two  parts  of  fuming  sulphuric  acid,  containing 
40  per  cent,  of  sulphur  trioxide,  and  raising  the  temperature  to 
150°.  This  acid,  the  properties  of  which  have  not  yet  been 
described,  is  employed  for  the  preparation  of  azo-colours.1 


THE  THIONAPHTHOLS. 

2614  a-Thionaphthol  or  a-Naphthyl  hydrosulphidc,  C10H7.SH, 
is  formed  by  the  action  of  zinc  and  dilute  sulphuric  acid  on 
a-naphthalenesulphochloride.2  In  order  to  prepare  it,  twenty 
parts  of  sodium  a-naphthalenesulphonate  are  decomposed  by 
185  parts  of  phosphorus  pentachloride,  and  the  product  of  this 
reaction  added  to  a  cooled  mixture  of  40  parts  of  zinc  dust  and 
240  parts  of  25  per  cent,  sulphuric  acid ;  the  whole  is  then 
heated  until  the  thionaphthol  has  separated  out  as  an  oil,  which 
is  then  taken  up  with  ether,  and,  after  the  evaporation  of  the 
latter,  twice  rectified  under  diminished  pressure.3 

a-Thionaphthol  is  a  heavy,  colourless,  strongly  refractive,  oily 
liquid,  which  has  a  faint  odour  of  the  mercaptans,  and  solidifies  to 
a  crystalline  mass  at  a  low  temperature.  It  boils  under  a  pressure 
of  15  mm.  at  152-5 — 153"5°  and  at  286°  at  the  ordinary  pressure. 
Its  lead  salt,  (C10H7S)2Pb,  is  a  heavy,  yellow  precipitate. 

a-Thionaphthyl  ethyl  ether,  C10H7.S.C2H6,  is  formed  when 
thionaphthol  is  heated  with  ethyl  iodide,  alcohol  and  caustic 
potash ;  it  is  an  oily  liquid,  which  boils  at  167 — 167-5°  under 
a  pressure  of  15  mm. 

a-Thionaphthyl  acetate,  C10H7.S.CO.CH3,  is  obtained  by  the 
action  of  acetyl  chloride  on  thionaphthol  as  a  liquid  which  boils 
at  188°,  under  a  pressure  of  15  mm. 

a-Thionaphthyl  lenzoate,  C10HV.S.CO.C8H6,  forms  crystals 
melting  at  116—117°,  and  boils  at  262°  under  a  pressure  of 
15  mm. 

1  Levinstein,  Ber.  16,  462  ;  Limpach,  Ber.  16,  726. 

-  Schertel,  Annalen,  132,  91  ;  Maikopar,  Zeitsch.  Chcm.  1869    711. 

3  Krafft  and  Schonherr,  Ber.  22,  821. 
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a-Naphthyl  sulphide,  (C10H7)2S,  was  obtained  by  Armstrong  by 
distilling  a  mixture  of  potassium  a-naphthalenesulphonate  and 
potassium  tbiocyanate,1  -whilst  Krafft  and  Schonherr  prepared  it 
by  distilling  lead  a-thionapbtbate  at  a  very  low  pressure,  and 
Kraft  and  Bourgeois,2  by  the  action  of  bromonaphthalene  on 
lead  thionaphthate.  It  crystallizes  from  alcohol  in  white 
needles,  melting  at  110°,  and  boils  at  289 — 290°  under  a 
pressure  of  15  mm. 

a-Naphthyl  disulphide,  (C10Hj)2S2,  was  prepared  by  Schertel 
by  allowing  a  solution  of  thionaphthol  in  alcoholic  ammonia  to 
stand  in  the  air ;  it  forms  monosymmetric  crystals  melting 
at  85°. 

4-Nitro-a-naphthyl  disulphide,  (C10H6NO2)2S2,  is  obtained  by 
boiling  a  solution  of  1  : 4-nitronaphthalenesulpbochloride  in 
acetic  acid  with  hydriodic  acid.  It  forms  greenish-yellow  scales, 
which  are  very  sparingly  soluble  in  the  ordinary  solvents,  and 
melt  at  186°.3 

V -Chlor-a-naphthyl  disulphide,  (C10H6C1)„S2,  is  prepared  in  a 
similar  manner  to  the  above.  It  separates  from  alcohol  in 
tabular  crystals,  and  melts  at  110°.4 

Phenyla-naphthyl  sulphide,  C6H6.S.C10H7,  is  prepared  by  heat- 
ing lead  thiophenate  with  a-bromonaphthalene.  It  forms  hard 
and  colourless,  lustrous,  odourless  prisms,  is  slightly  soluble 
in  cold  alcohol  and  ether,  melts  at  41-5°,  and  distils  at  218° 
under  a  pressure  of  14  mm.  On  oxidation  it  yields  the  corre- 
sponding sulphone 5  (p.  68). 

^-Thionaphthol  is  obtained  in  a  similar  way  to  the  a-com- 
pound,  and  crystallizes  in  lustrous  scales,  which  have  a  faint 
odour  of  the  mercaptans  and  are  readily  soluble  in  alcohol  and 
ether.  It  melts  at  81°,  boils  at  153-5°  under  a  pressure  of  15  mm., 
and  at  286°  under  the  ordinary  pressure.  Its  lead  salt  is  an 
orange-yellow  crystalline  precipitate. 

fi-Thionaphthyl  ethyl  ether  is  a  crystalline  mass  which  melts 
at  16°  and  boils  at  170-5°  under  a  pressure  of  15  mm. 

fi-Thionaphthyl  cyanate,  C10H?SCN,  is  formed  when  a  current 
of  cyanogen  chloride  is  passed  into  alcohol  in  which  the  lead 
salt  is  suspended.  It  is  a  snow-white,  lustrous  mass,  melting 
at  35°,  and  is  reconverted  into  thionaphthol  by  the  action  of 
potassium  hydrosulphide.6 

1  Bcr.  7,  407.  3  2er.  23,  3045. 

8  Cleve,  Ber.  23,  960.  4  Clove,  Bcr.  23,  963. 

5  Krafft  and  Bourgeois,  Bcr,  23,  3046.        6  Billeter,  Bcr.  8,  426. 
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(3-Thionaphthyl  acetate  is  also  crystalline,  melts  at  53"5°,  and 
boils  at  191°  under  a  pressure  of  15  mm. 

/3-Thionaphthyl  henzoate  melts  at  108°,  and  boils  at  267° 
under  a  pressure  of  15  mm. 

/3-/3-Dinaphthyl  sulphide  is  formed  when  the  lead  salt  is 
distilled  under  diminished  pressure,  and  crystallizes  from  alcohol 
in  thin  plates,  with  a  vitreous  lustre.  It  melts  at  151°,  and 
boils  at  295 — 296°  under  a  pressure  of  15  mm.  (Krafft  and 
Schonherr). 

ft-Dinaphthyl  disulphide  is  obtained  by  the  oxidation  of 
thionaphthol  and  by  heating  the  thiocyanate  with  sodium 
amalgam  to  150 — 160°.  It  crystallizes  in  small  needles,  melting 
at  132°  (Billeter),  and  on  heating  with  copper  powder  is  con- 
verted into  the  monosulphide  (Krafft  and  Schonherr). 

a-j3-Binaphthyl  sulphide  is  formed  when  the  lead  salt  of 
/3-thionaphthol  is  heated  with  a  slight  excess  of  a-bromo- 
naphthalene  in  a  sealed  tube  for  two  to  three  hours  at  200 — 
220°,  and  then  for  an  equal  length  of  time  at  2400.1  It  crys- 
tallizes from  alcohol  in  lustrous  plates,  melts  at  60 — 61°,  and 
distils  without  decomposition  at  290 — 291°  (15  mm.).  On 
oxidation  it  yields  a-/3-dinaphthylsulphone,  melting  at  123°. 

Phenyl-f3-naphthyl  sulphide,  C6H6.S.C10H7,  is  obtained  by 
heating  lead  /3-thionaphthate  with  bromobenzene.  It  crystal- 
lizes from  alcohol  in  fan-shaped  groups  of  small,  white  odourless 
needles,  or,  when  the  solution  is  rapidly  cooled,  in  dull  plates, 
melts  at  51"5°,  and  boils  at  224°  (14  mm.  pressure).  On 
oxidation  it  yields  the  corresponding  sulphone  2  (p.  68). 

[B-Dihydroxynaphthyl  sulphide,  (HO.C10H6)2S,  which  is  also 
termed  /3-naphthol  sulphide,  is  formed  by  the  action  of  sulphur 
dichloride  on  /3-naphthol 3  and  by  heating  the  latter  with 
sulphur,  and  gradually  adding  lead  oxide.4  It  crystallizes  from 
hot  alcohol  in  white  prisms,  melts  at  215°,  and  is  readily  soluble 
in  ether,  benzene  and  alkalis.  The  sodium  salt  forms  aggregates 
of  thick,  colourless  needles,  containing  six  molecules  of  water  of 
crystallization.  On  heating  with  copper  powder  it  is  converted 
into  /3-dinaphthol,  C20H12(OH)2.  Dilute  nitric  acid  converts  it 
into  phthalic  acid.  Mercuric  oxide  converts  the  sulphide  in  hot 
alcoholic  solution  into  a  ruby-red  crystalline  indifferent  substance, 
melting  at  164°,  which  has  the  formula,  C20H12SO2,  and  is 
reconverted  into  the  sulphide  by  reducing  agents. 

3  Krafft,  Ber.  23,  2368.  2  Krafft  and  Bourgeois,  Ber.  23,  3048. 

3  Tassinari,  Ber.  20,  Ref.  824.  *  Onufrowicz,  Bcr.  21,  3559. 
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Diacetoxynaphthyl  sulphide,  (CH8CO.O.C10H6)2SJ  is  obtained 
by  boiling  naphthyl  sulphide  with  acetic  anhydride,  and  crys- 
tallizes in  slender  white  needles,  melting  at  154°. 

Dibenzoxy naphthyl  sulphide,  (C6H6.CO.O.C10H6)2S,  forms  elong- 
ated white  plates,  and  melts  at  208°.  ■ 

fi-Diethoxynaphthyl  sulphide,  (C2rI5O.C10He)2S,  is  obtained  by 
heating  a  solution  of  the  sulphide  in  alcoholic  potash  with  ethyl 
iodide.  It  is  almost  insoluble  in  alcohol  and  ether,  and  sparingly 
soluble  in  cold,  more  readily  in  hot  benzene ;  it  crystallizes  in 
long,  thin  needles,  with  a  waxy  lustre,  and  melts  at  189".1 

fi-Diethoxynitronaphthyl  sulphide,  [CJE6O(NO2)C10H6]2S,  is 
formed  by  the  action  of  concentrated  nitric  acid  on  a  mixture 
of  the  preceding  compound  with  ether  and  10  parts  of  acetic 
acid  cooled  by  ice.  It  forms  thin,  golden-j'ellow  needles,  melting 
at  235°.  An  isomeride,  melting  at  202°,  is  also  formed  by  the 
reaction  (Onufrowicz). 

(3-Dihydroxynaphthyl  disulphide,  or  {S-Naphthol  dAsulphide, 
(HO.C10H6)2S2,  was  obtained  by  Lange  from  /3-naphthol  by 
boiling  it  with  caustic  soda  and  sulphur.  It  crystallizes  in  white 
needles,  melting  at  210°,  which  are  only  slightly  soluble  in 
alcohol,  but  readily  form  yellow  solutions  in  the  alkalis.2 

An  isomeric  substance,  which  melts  at  169°,  is  also  formed 
in  small  quantity  in  the  reaction  mentioned  above,3  and  may 
be  obtained  by  heating  /3-naphthol  with  sulphur  to  180°,  or, 
accompanied  by  the  monosulphide,  by  the  action  of  sulphur 
chloride  or  bromide  on  /3-naphthol  dissolved  in  benzene.  It 
crystallizes  from  benzene  in  thin,  odourless,  sulphur-yellow 
needles,  is  insoluble  in  water,  slightly  soluble  in  ether,  and  more 
readily  in  benzene.  On  heating  with  copper  powder  it  is  con- 
verted, like  the  monosulphide,  into  /3-dinaphthol. 

The  diethyl  ether  forms  greyish  white  needles,  melting  at 
158'5°.  The  diacetyl  derivative  is  a  yellowish,  hard,  indis- 
tinctly crystalline  mass,  which  becomes  soft  at  130°  and  melts 
at  140°.  The  dibenzoyl  compound  forms  greenish  crystalline 
granules  or  small  tablets,  is  only  very  slightly  soluble  in  alcohol 
and  ether,  sparingly  in  cold,  but  freely  in  hot  benzene,  and 
melts  at  187°.* 

1  Onufrowicz,  Bar.  23,  3355.  2  Onufrowicz,  Ber.  21,  260. 

3  Lange,  Ber.  21,  262.  4  Onufrowicz,  Ber.  23,  3363. 
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DIHYDROXYNAPHTHALENES,   C10H6(OH)2. 

2615  1  :  4>-Dihydroxynaphthalene,  or  a-naplitlioquinol,  was  ob- 
tained by  Groves  from  a-naphthoquinone  by  boiling  it  with 
concentrated  hydriodic  acid  and  amorphous  phosphorus.1  It  is 
also  readily  formed  when  the  quinone  is  brought  into  a  boiling 
mixture  of  hydrochloric  acid  and  tin.2  It  crystallizes  from  hot 
water  in  long,  colourless  needles,  which  melt  at  176°,  and 
dissolve  freely  in  alcohol,  ether,  and  glacial  acetic  acid,  but  only 
slightly  in  boiling  benzene.  Oxidizing  agents  reconvert  it  into 
a-naphthoquinone. 

Diacet-a-naplitlioquinol,  C10H6(OCO.CH3)2,  is  formed  when 
the  quinol  is  heated  with  acetic  anhydride  and  anhydrous  sodium 
acetate,  and  crystallizes  from  alcohol  in  transparent,  lustrous, 
six-sided  tablets,  melting  at  128 — 130°.3 

Diclilor-a-naphthoquinol,  C10H4C12(OH)2,  was  prepared  by 
Grabe  by  heating  dichlor-a-naphthoquinone  with  hydriodic 
acid  and  ordinary  phosphorus.  It  crystallizes  in  colourless 
prisms,  which  rapidly  become  coloured  reddish  in  the  air, 
melt  at  135°,  and  are  only  sparingly  soluble  in  boiling  water. 
Its  diacetate  crystallizes  from  alcohol  in  long,  colourless,  silky 
needles,  which  melt  at  236°,  and  sublime  in  long  prisms.4 

3-Brom-a-naphthoquinol,  C10H5Br(OH)2,  is  formed  by  the 
action  of  sulphur  dioxide  on  bromonaphthoquinone,  and 
crystallizes  in  small  needles,  melting  at  193°.5 

1  :  4' '  -Dihydroxynaphthahne  is  obtained  by  fusing  1  :  4'-naph- 
tholsulphonic  acid  6  or  1  :  4'-naphthalenedisulphonic  acid  7  with 
caustic  potash.  In  order  to  prepare  it,  the  former  acid  is  heated 
to  200°  with  caustic  potash  for  about  a  quarter  of  an  hour,  until 
a  small  portion  of  the  mass  dissolved  in  water  no  longer  gives  a 
red  but  a  blue  colouration  with  1  :  4'-diazonaphthalenesulphonic 
acid.8  It  crystallizes  in  small  prisms,  which  melt  at  258 — 260°, 
sublime  in  long  needles,9  and  are  scarcely  soluble  in  benzene  and 
light  petroleum,  sparingly  in  water,  and  more  readily  in  alcohol 

1  Annalen,  167,  357.  2  Plimpton,  Journ.  Chem.  Soc.  1880,  1,  633. 

3  Korn,  Ber.  17,  3025.  4  Annalen,  149,  1  ;  Claus,  Ber.  19,  1141. 

5  Brdmme,  Ber.  21,  386. 

6  Cleve,  Bull.  Soc.  Chim.  24,  513  ;  Bernthsen  and  Sempar,  Bar.  20,  934. 

7  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1887,  42. 

8  Erdmann,  Annalen,  247-  356. 

9  Ewer  and  Pick,  Schultz,  Steinkohlentheer,  2,  1012. 
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and  glacial  acetic  acid.  It  reduces  the  salts  of  copper  and  silver, 
and  its  alkaline  solutions  take  the  colour  of  potassium  per- 
manganate solution  when  they  are  exposed  to  the  air,  finally 
becoming  brown.  The  fine  blue  colouration  which  1  : 4-diazo- 
naphthalenesulphonic  acid  produces  in  its  alkaline  solution  is 
converted  by  acids  into  a  light-red.  These  colourations  resemble 
those  of  litmus,  but  are  much  brighter ;  when  the  alkaline 
solution  is  saturated  with  carbon  dioxide,  the  intermediate  violet 
shade  is  produced,  just  as  with  litmus. 

1  : 4' ' -Biacetodihydroxynaphthalcne  separates  from  alcohol  in 
feathery  crystals,  which  melt  at  159 — 160°. 

1  :  V -Dihydroxy naphthalene  was  obtained  by  Erdmann  by 
fusing  7  grms.  of  naphthosultone  (p.  103)  with  30  grms.  of 
caustic  potash  and  10  cc.  of  water;  potassium  1  :  l'-naphthol- 
sulphonate  is  first  formed,  the  whole  mass  becoming  yellow,  and 
the  temperature  is  then  raised  to  200 — 230°  for  15  to  20  minutes. 
The  product  is  decomposed  with  160  cc.  of  hydrochloric  acid 
of  13  per  cent.,  and  brought  into  solution  in  500  cc.  of  hot 
water.  On  cooling,  1  :  l'-dihydroxynaphthalene  crystallizes  out 
in  long,  white  needles,  melting  at  140°.  It  is  sparingly  soluble 
in  water  and  light  petroleum,  readily  in  ether  and  benzene,  and 
crystallizes  from  a  mixture  of  toluene  and  light  petroleum  in 
druses  of  small  plates.  It  has  a  permanently  biting  taste,  and 
forms  a  powder  which  causes  sneezing.  Its  alkaline  solution 
gives  a  deep-violet  colouration  with  1 : 4-diazonaphthalenesul- 
phonic  acid,  which  is  converted  by  acids  into  a  fine  cherry-red.1 

1  : 1' ' -Diacetodihydroxynaphthalene  forms  small,  silvery  plates, 
melting  at  147— 148°. 

1 : 2-Dihydroxynapldhalene,  or  fi-naphthoquinol,  is  readily 
formed  when  ^-naphthoquinone  is  dissolved  in  concentrated 
sulphurous  acid,  and  soon  separates  out  in  elongated,  silvery 
plates,  which  melt  at  60°.  Its  yellow  alkaline  solution  becomes 
green  in  the  air,  and  its  aqueous  solution  irritates  sensitive 
portions  of  the  skin  so  violently  that  they  become  red  and 
violently  inflamed,  and  sometimes  even  ulcerated.2 

Diaceto-fi-naphthoquinol  crystallizes  from  glacial  acetic  acid 
in  small,  well-developed,  transparent  plates,  which  melt  at 
104—106°  (Korn). 

Chloro-fi-naphthoquinol,  C10H5C1(OH)2,  is  obtained  by  the 
action  of  sulphur  dioxide  on  a  solution  of  chloro-/3-naphtho- 

1  Erdmann,  loc.  cit. 

2  Liebermann  and  Jacobsen,  Annalen,  211,  58. 
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quinone  in  acetic  acid,  and  crystallizes  from  hot  water  in  long 
needles,  melting  at  116 — 1170.1 

Dichloro-f3-naphthoquinol,  C10H4C12(OH)2,  forms  slender 
needles,  melting  at  125°.2 

Nitro-ft-naphthoquinol,  C10H6(NO2)(OH)2,  is  formed  by  the 
action  of  a  hydrochloric  acid  solution  of  stannous  chloride 3 
or  of  sulphurous  acid  on  nitro-/3-naphthoquinone; 4  it  crystallizes 
from  alcohol  or  benzene  in  carmine-red  tablets,  and  from  acetic 
acid  in  prisms,  melts  at  159'5°,  and  sublimes  without  decom- 
position in  long,  red  needles. 

1  :  3' -Dihydroxy naphthalene  was  prepared  from  /3-naphthyl- 
amine-'y-sulphonic  acid  by  converting  this  into  the  corresponding 
naphtholsulphonic  acid  and  fusing  the  latter  with  caustic  potash.6 
It  may  also  be  obtained  from  the  disulphonic  acid,  which  is 
formed  when  /3-naphthylamine  is  suiphonated  at  temperatures 
below  150°.6  It  crystallizes  from  hot  water  or  benzene  in  short 
prisms,  melting  at  135'5°.  Its  alkaline  solution  has  a  splendid 
blue  fluorescence,  but  rapidly  acquires  a  reddish  colour  in  the  air. 

1  :  3' ' -Diacetodihydroxynaphthalene  crystallizes  from  alcohol  in 
well  formed  prisms,  and  melts  at  73°. 

1  :  2' '-Dihydroxynaphthalene  is  obtained  by  fusing  /3-naph- 
thol-a-sulphonic  acid  with  caustic  potash.  It  crystallizes  from 
boiling  benzene  in  small,  white  needles,  which  melt  at  178°,  and 
dissolve  very  readily  in  alcohol,  less  easily  in  water.  Its  solu- 
tions become  coloured  brown  in  the  air  and  give  a  deep-blue 
precipitate  with  ferric  chloride.  Its  alkaline  solution  rapidly 
absorbs  oxygen,  the  dihydroxynaphthalene  being  destroyed  and 
the  solution  turned  black. 

Diethyl-!  :  2' '  -dihydroxynaphthalene  is  readily  soluble  in  alcohol 
and  ether,  from  which  it  crystallizes  in  needles  or  prisms,  melting 
at67°.7 

Diaceto-1  :  2' -dihydroxynaphthalene  crystallizes  from  benzene 
in  rhombic  tablets,  which  melt  at  108°. 

2  : 3 -Dihydroxynaphthalene  is  formed  when  /2-naphthol-/3- 
sulphonic  acid  is  fused  with  caustic  potash,  and  is  sparingly 
soluble  in  water,  readily  in  alcohol.  It  crystallizes  in  nacreous 
plates,  melts  at  215 — 216°,  and  sublimes  without  decomposition. 
Its  alkaline  solution  becomes  brown  in  the  air  (Emmert). 

1  Frohlich  and  Zincke,  Ber.  19,  2497.  -  Zincke,  Bcr.  19,  2493. 

3  Groves,  Joum.  Chem.  Soc.  1884,  1,  299.  4  Zaertling,  Ber.  23,  177. 

5  Claus,  J.  Br.  Chem.  II.  39,  315.  6  Ewer  and  Pick,  Ber.  21,  916  o 
7  Emmert,  Annahn,  241,  368. 
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The  dihydroxynaphthalene  obtained  from  /3-naphthalenedi- 
sulphonic  acid  should  be  identical  with  this  substance.  It 
crystallizes  in  thin,  lustrous  tablets,  which  become  black  when 
heated  below  200° ;  its  alkaline  solution  is  stable  in  the  air, 
and  is  coloured  a  splendid  red  by  a  small  amount  of  o-diazo- 
benzenesulphonic  acid.1  Phosphorus  pentachloride  converts  it 
into  2  : 3'-dichloronaphthalene. 

Diethyl-2  :  3' -dihydroxynaphthalene  crystallizes  from  alcohol  in 
silky  plates,  melting  at  162°. 

Diaceto-2  : 3' '-dihydroxynaphthalene  forms  lustrous  plates,  melt- 
ing at  175°  (Emmert). 

2  :  2' -Dihydroxynaphthalene  is  obtained  by  fusing  a-naphthal- 
enedisulphonic  acid  with  caustic  potash  or  soda.  It  crystallizes 
from  hot  benzene  in  long  needles  and  from  water  in  fine  needles 
or  plates,  which  melt  at  186°  (Weber),  or  190°  (Clausius)  and 
sublime  at  a  higher  temperature  with  partial  carbonization.  Its 
alkaline  and  ethereal  solutions  gradually  become  black  in  the 
air ;  bleaching  powder  produces  a  fugitive  red  colouration  in  the 
aqueous  solution,  whilst  nitric  acid  gives  a  similar  but  more 
permanent  colour.2 

Dimethyl-2  :  2' -hydroxy naphthalene,  C10H6(OCH3)2,  is  formed 
when  dihydroxynaphthalene  is  heated  to  150°  with  methyl  iodide 
and  caustic  potash.     It  forms  nacreous  plates,  melting  at  104°.3 

Diaceto-2 :  2' -hydroxy naphthalene,  C10H6(OCO.CH3)2,  was  ob- 
tained by  Weber  by  the  action  of  acetyl  chloride  on  dihydroxy- 
naphthalene ;  it  crystallizes  from  alcohol  in  small  plates, 
melting  at  129°  (Weber),  136°  (Clausius). 

2  : 2' -Dibenzodihydroxy naphthalene,  C10H6(OCO.C6H5),  forms 
small  plates,  melting  at  138 — 139°. 

Dichlorodihydroxynaphthalene  (1:1';  2  :  2'),  C10H4C12(OH)2, 
is  formed  when  chlorine  is  passed  into  a  cooled  solution  of  2  : 2'- 
dihydroxynaphthalene  in  ten  parts  of  glacial  acetic  acid.  It 
forms  coarse,  white  needles,  melting  at  192°.  Its  diacetate  forms 
white  needles,  melting  at  195°.4 

Delmchloro-2  : 2'-diketohydronaphthalene,  C10H2Cl10O2,  is  ob- 
tained by  the  continued  action  of  chlorine  on  dihydroxy- 
naphthalene in  acetic  acid  solution.     It  forms  colourless,  octo- 

1  Dusart,  Compt.  Mend.  64,  859  ;  "Wichelhaus  and  Darmstadter,  Annalm, 
152   306  ;  Armstrong  and  Graham,  Journ.  Cliem.  Soc.  1881,  1,  139. 

2  Ebert  and  Merz,  Ber.  9,  609  ;  Weber,  Bcr.  14,  2006  ;  Clausius,  Bcr.  23, 
517. 

3  Liebermann  and  Hagen,  Ber.  15,  1428.  4  Clausius,  Bcr.  23,  525. 
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hedral  crystals,  which  are  sparingly  soluble  in  alcohol  and 
glacial  acetic  acid,  and  melt  and  decompose  at  200°. 

Tetrachloro-2  :  2 ' -dihydroxynaphthahnc,  C10H2C14(OH)2,  is 
formed  on  the  reduction  of  the  preceding  substance  by  means 
of  stannous  chloride.  It  crystallizes  from  alcohol  in  long, 
slender  needles,  melting  at  176°.  The  acetyl  compound  forms 
white  needles,  melting  at  196°.  The  constitution  of  these  three 
substances  is  not  yet  accurately  known. 

2:2'-Bithionaphthol,  C10H6(SH)2,  is  obtained  by  reducing 
a-naphthalenedisulphochloride  with  zinc  dust  and  dilute 
sulphuric  acid  l  or  tin  and  hydrochloric  acid.2  It  is  very  slightly 
soluble  in  cold  alcohol,  ether,  light  petroleum  and  toluene, 
crystallizes  from  hot  alcohol  in  pearly  plates  ;  melts  at  180 — 181° 
(173—174°  according  to  Ebert  and  Kleiner),  and  boils  at  210° 
under  a  pressure  of  15  mm.  It  is  stable  in  the  air  but  rapidly 
absorbs  oxygen  in  alkaline  solution,  a  white  precipitate  being 
formed.  Lead  acetate  produces  a  deep  yellow  precipitate  in 
its  alcoholic  solution,  but  no  precipitate  is  formed  when  hydro- 
chloric acid  is  present. 

2  :  2' -DiacctodithionapMhol,  C10HB(SCOCH3)2,  forms  colourless 
crystals  melting  at  about  110°. 

2:2'-BibenzodithionapUhol,  C1(>H6(S.CO.C6Hs)2,  forms  silky 
crystals  and  melts  at  152 — 153°. 

2  :  2 ' -Dithionaphtholcyanate,  Cl0H6(SCN)2,  is  prepared  by  the 
action  of  cyanogen  chloride  on  the  lead  salt  of  dithionaphthol 
suspended  in  alcohol.  It  crystallizes  from  glacial  acetic  acid  in 
fascicular  groups  of  needles,  melts  at  78°  and  cannot  be 
sublimed.3 


THE  NAPHTHOQUINONES,  C10H6O2. 

2616  a-Naphtlwquinone  was  first  obtained  by  Groves  by 
oxidizing  naphthalene  dissolved  in  glacial  acetic  acid  with 
chromium  trioxide.4  It  can  also  be  easily  obtained  by  gradually 
adding  a  1-2  per  cent,  solution  of  chromium  trioxide  to  a 
boiling  solution  of  1 : 4-diamidonaphthalene  hydrochloride,  or  by 
dissolving  a-naphthylamine  hydrochloride  in  a  large  quantity 
of  boiling  water,  adding  a  little  sulphuric  acid,  and  then  gradually 

1  Grosjean,  Ber.  23,  2370.  "■  Ebert  and  Kleiner,  Bcr.  24,  144. 

3  Ebert  and  Kleiner,  Ber.  24,  146.  *  Annalcn,  167,  357. 
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running  it  into  the  oxidizing  solution.1  It  is  also  formed  by  the 
oxidation  of  a-naphthol,2  1  : 4-arnidonaphthol,3  &c.  In  order 
to  prepare  it,  400  grins,  of  chromium  trioxide  are  dissolved 
in  740  grms.  of  acetic  acid  of  80  per  cent,  and  well  cooled  with 
ice,  a  solution  of  100  grms.  of  naphthalene  in  1,000  grms  of 
glacial  acetic  acid  being  then  gradually  added  and  the  mixture 
allowed  to  stand  for  three  days  at  15 — 20".  The  solution  is 
then  diluted  with  8-5  litres  of  water,  and  the  precipitate  washed, 
dried  in  the  air  and  finally  recrystallized  from  light  petroleum.4 

a-Naphthoquinone  crystallizes  in  sulphur-yellow,  asymmetric 
needles,  which  have  a  penetrating  odour,  resembling  that  of 
benzoquinone,  melt  at  125°,  and  readily  sublime  and  volatilize 
with  steam.  It  is  slightly  soluble  in  water  and  light  petroleum, 
readily  in  ether  and  hot  alcohol,  and  forms  reddish-brown  solu- 
tions in  the  alkalis.  Sulphurous  acid  does  not  readily  act  upon 
it,  whilst  nitric  acid  converts  it  into  phthalic  acid. 

a-Naphthoquinhydrone,  C10H6O2  -f  C10H6(OH)2,  is  formed  by 
the  partial  reduction  of  ^-naphthoquinone,  and  separates  out 
in  purple  crystals  when  the  solutions  of  its  constituents  are 
mixed  (Groves). 

a-Naphthoquinone  closely  resembles  benzoquinone,  both  in  its 
physical  and  chemical  characteristics.  Like  this  it  is  formed  by 
the  oxidation  of  para-compounds  and  behaves  sometimes  like 
a  diketone,  sometimes  as  a  peroxide.  Its  constitution  is  there- 
fore expressed  by  the  following  tautomeric  formulas  : 

HC      CO  HC      C 

S\/\\ 


HC     C      CH  HC      C  O  CH 

I       II       II  I       II    I    I 

HC     C      CH  HC      COCH 

\/\/  \/\\S 

HC      CO  HC      C 

Chlor-a-naphthoquinone,  C10H5ClO2,  is  formed  when  2 : 4- 
dichlor-a-naphthol  is  oxidized  in  acetic  acid  solution  with 
chromium  trioxide  or  nitric  acid,5  and  by  the  action  of  chromium 

1  Liebermann  and  Dittler,  Annalen,  133,  242  and  248. 

2  Miller,  Ber.  14,  1600. 

3  Monnet,  Reverdin  and  Nulting,  Bcr.  12,  2305  ;  Liebermann  and  Jacobsen, 
Annalen,  211,  60. 

4  Miller,  Beilstein's  Handb.   3,  184  ;  see  also  Plimpton,  Journ.   Chem.  Soc. 
1880,  1,  633  ;  Japp  and  Miller,  Journ.  Chem.  Soc.  1881,  1,  220. 

6  Cleve,  Ber.  21,  891  ;  Zincke,  Bcr.  21,  1027. 
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trioxide  on  1  :  3-dichloronaphthalene.1  It  crystallizes  from 
alcohol  in  long,  golden-yellow,  lustrous  needles  and  melts  at 
117—118°. 

2  :  3-Dichlor-a-naphthoquinone,  C10H4Cl2O2,  was  obtained  by 
Laurent  by  boiling  chloronaphthalene  tetrachloride  with  nitric 
acid,  and  was  named  by  him  "  Oxide  de  chloroxehnaphtose,"  2 
whereas  Gerhardt  subsequently  termed  it  "  chloroxynaphthalene 
chloride."  Grabe  then  pointed  out  that  it  resembled  the 
chlorinated  benzoquinones  in  every  respect,  and  must  be  con- 
sidered as  a  derivative  of  the  then  unknown  naphthoquinone 
and  he  afterwards  confirmed  this  view  by  his  researches.3 
Laurent's  method  does  not  readily  give  a  pure  product,  but 
Grabe  found  that  it  can  readily  be  obtained  pure  by  mixing 
naphthol  yellow,  as  in  the  preparation  of  chloranil  from  phenol, 
with  3  to  4  parts  of  potassium  chlorate  and  bringing  the 
mixture  into  hydrochloric  acid  diluted  with  an  equal  volume 
of  water.  The  reaction  is  aided  by  gentle  heat,  and  after  all 
the  naphthol  yellow  has  been  used,  potassium  chlorate  is 
gradually  added  until  the  yellowish-red  oily  product  changes 
into  yellow  crystals,  which  are  then  washed  with  hot  water  and 
cold  alcohol  and  recrystallized  from  hot  alcohol. 

It  may  be  obtained  in  the  same  way  from  a-naphthol,4 
and  is  also  formed  by  the  action  of  chromyl  chloride  on  an 
acetic  acid  solution  of  naphthalene,5  or  by  oxidizing  dichlor- 
a-naphthol 6  or  S-tetrachloronaphthalene  7  with  a  solution  of 
chromium  trioxide  in  glacial  acetic  acid  and  by  passing 
chlorine  into  a  solution  of  chlor-a-naphthoquinone  in  acetic 
acid  (Zincke). 

It  is  insoluble  in  water,  sparingly  soluble  in  cold  alcohol 
and  ether,  and  crystallizes  from  hot  alcohol  in  well  developed, 
golden-yellow  needles,  which  melt  at  189°,  but  sublime  in  long 
yellow  needles  or  small  plates  at  a  lower  temperature.  It  forms 
a  carmine-red  solution  in  boiling  caustic  soda  solution,  chloroxy- 
naphthalenic  acid  (p.  133),  which  corresponds  to  chloranilic 
acid,  being  formed.  It  combines  with  potassium  sulphite  to 
form  compounds  resembling  those  formed  by  chloranil  with  this 
substance    (Part   III.    p.    161).     On   heating   with   phosphorus 

1  Cleve,  Ber.  23,  955.  "-  Ann.  Chim.  Phys.  74,  35. 

3  Annalen,  149,  1. 

4  Darmstadter  and  Wichelhaus,  Annalen,  152,  298. 

5  Carstanjen,  Bcr.  2,  633.  6  Claus  and  KnyTim,  Bcr.  18,  2294. 
7  Claus  and  Mielke,  Bir.  19,  1182. 
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pentachloride  to  180 — 200°,  it  is  converted  into  pentachloro- 
naphthalene,  and  it  is  slowly  oxidized  to  phthalic  acid  by  boiling 
nitric  acid. 

2  :  3-Dichloronaphthoquinone  dichloride,  C10H4Cl4O2,  is  formed 
when  the  preceding  compound  is  heated  to  230°  with  manganese 
dioxide  and  hydrochloric  acid.  It  crystallizes  from  ether  in 
large,  colourless  prisms,  which  melt  at  117°  and  readily  sublime. 
Stannous  chloride  converts  it  first  into  the  dichloroquinone.1 
On  treatment  with  alcoholic  potash  it  yields  o-trichloracryl- 
benzoic  acid,  CC12 :  CCICO.C6H4.COOH,  and  Zincke  therefore 
considers  it  to  be  tetrachlor-a-diketohydronajphthalenc.2 

V  :  4<'-Dichlor-a-naphthoquinoiie  is  obtained  together  with  di- 
chlorophthalide  when  1  :  '4-dichloronaphthalene  is  oxidized  with 
chromium  trioxide  in  acetic  acid  solution,  and  crystallizes  from 
alcohol  in  long,  yellow  needles,  which  melt  at  174°  and  readily 
sublime.3 

1' :  2' ' -Dichlor-a-naplithoqwinone  has  been  prepared  in  the 
same  way  from  1  : 2-dichloronaphthalene,  and  sublimes  in  yellow 
needles  melting  at  181°.4 

2  :  3' '  -Dichlor-a-naphihoquinone  is  a  product  of  the  oxidation 
of  2  :  3'-dichloronaphthalene,  crystallizes  in  deep-yellow,  slender 
needles,  which  melt  at  148 — 149°,  and  forms  a  dark-red 
solution  in  caustic  potash.5 

Trichlor-a-naphthoquinone,  C10H3Cl3O3,  is  formed  in  small 
quantity,  together  with  phthalic  acid,  when  o-dichlor-a-naphtho- 
quinone  is  oxidized  with  nitric  acid.  It  crystallizes  in  yellow 
needles,  melting  at  250°.6 

Tetrachlor-a-naphthoquinone,  C10H2Cl4O2  (CI  =  1' :  2' :  3' :  4') 
is  obtained,  accompanied  by  a  little  tetrachlorophthalic  acid, 
when  pentachloronaphthalene  is  heated  with  fuming  nitric  acid 
to  110 — 120°.  It  crystallizes  in  long,  yellow,  lustrous  needles, 
melting  at  160°,  sublimes  without  decomposition,  and  is  oxidized 
when  strongly  heated  with  fuming  nitric  acid  to  tetrachloro- 
phthalic acid  (Claus  and  von  der  Lippe). 

Pentachlor-a-naphthoquinone,  C10HCl5O2,  is  formed  by  the 
oxidation  of  heptachloronaphthalene  with  nitric  acid,  and 
crystallizes   from   chloroform  in   lustrous,   golden-yellow  plates, 

1  Claus,  Ber.  19,  1142. 

2  Zincke  and  Cooksey,  Annalen,  255,  356.     Cf.  Claus,  J.  Pr.  Chcm.  41,  285. 

3  Guareschi,,  Ber.  19,  1154.  4  Hellstrbm,  Ber.  21,  3267. 

5  Claus  andMiiller,  Ber.  18,  3073. 

6  Claus  and  von  der  Lippe,  Ber.  10,  1016. 
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which  melt  at  217°  and  sublime  in  long  needles.  It  is  oxidized 
to  tetrachlorophthalic  acid  by  chromic  acid.1 

Perchlor-a-naphthoquinone,  C10Cl6O2,  was  obtained  by  Laurent, 
who  termed  it  oxide  da  chloroxinnaphtalise,  by  boiling  hexchloro- 
naphthalene  with  nitric  acid.  It  crystallizes  from  ether  in 
very  lustrous  yellow  plates,  which  melt  at  a  high  temperature 
and  sublime  with  slight  decomposition.2 

2617  Trichlor-a-ketonaphthalene,  C10H9Cl3O,  is  formed  when 
chlorine  is  passed  into  a  well-cooled  solution  of  a-naphthol  in 
10  parts  of  glacial  acetic  acid  until  the  dark-coloured  liquid 
becomes  light  and  an  excess  of  chlorine  is  present.  It  may 
also  be  obtained  by  the  action  of  chlorine  on  dichlor-a-naphthol, 
and  crystallizes  from  hot  benzene  in  large,  transparent,  flat 
prisms.  It  is  sparingly  soluble  in  alcohol,  somewhat  more 
freely  in  glacial  acetic  acid.  On  boiling  with  dilute  alcohol  it 
is  converted  into  chlor-a-naphthoquinone  : 

CO CC1  .CO— CC1 

C0H4<  ||        +  H20  =  C6H4<  ||         +  2HC1. 

\CC12— CH  \C0— CH 

Aniline  converts  it  into  naphthoquinonedianilide,  and  on 
reduction  it  yields  dichlor-a-naphthol. 

Tetrachlor-a-ketonaphthalcne,  C10H4Cl4O,  is  formed  in  two 
modifications  when  trichlor-a-naphthol  is  suspended  in  glacial 
acetic  acid  and  treated  with  chlorine,  without  being  cooled. 
A  portion  of  the  a-modification  crystallizes  out  on  standing  in 
small,  transparent  rhombohedra,  resembling  those  of  calcspar, 
which  become  yellow  in  the  air,  melt  at  104 — 105°,  and  are 
moderately  soluble  in  hot  alcohol. 

The  /3-rnodification  separates  from  ether  in  lustrous,  trans- 
parent, rhombic  crystals,  resembling  those  of  topaz,  which  melt 
at  93 — 94°  and  assume  an  amethyst  colour  in  the  air.  On  heating 
with  alcohol  or  acetic  acid  it  is  partially  converted  into  the 
a-modification. 

Both  forms  are  converted  into  dichlor-a-naphthoquinone  by 
boiling  with  alcohol : 

CO CC1  .CO— CC1 

C6H  /  ||         +  H20  =  C6H4<  ||         +  2HCL 

XCC1—  CC1  \co-cci 

1  Claus  and  Wenzlik,  Bcr.  19,  1165.  3  Ann.  Chim.  Phys.  74,  26. 
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Reducing  agents  convert  both  of  these  substances  into  trichlor- 
a-naphthol,  and  they  both  yield  hydroxychloronaphthoquinone 
(p.  133)  on  treatment  with  dilute  alcoholic  potash. 

When  they  are  treated  with  concentrated  caustic  potash  and 
a  little  alcohol,  on  the  other  hand,  the  dichlorohydroxyindene- 
carboxylic  acid  (p.  10)  which  was  first  prepared  from  dichloro- 
/3-naphthoquinone,  is  formed  ;  the  formation  of  this  substance 
can  only  be  simply  explained  in  the  following  manner  : 

HOv        .CO.OH 
CO — CC12  >C< 

C6H4<  !      '     +  2H,0  =  C6H4<     )GCl  +  2HC1. 

\CC1=CC1  \cgj 

This  compound  is  therefore  tautomeric,  but  it  has  not  yet 
been  ascertained  which  of  the  above  formulae  corresponds  to  the 
a-  and  which  to  the  /3-modification. 

Pentachlor-a-ketohydronaphthalene  or  Trichlorohetonaphthalene 
dichloride,  C10H5Cl5O,  is  formed  when  the  process  employed  for 
the  preparation  of  the  trichloroketone  is  modified  by  saturating 
the  liquid  with  chlorine  and  allowing  it  to  stand.  It  is  sparingly 
soluble  in  alcohol,  more  freely  in  acetic  acid,  and  readily  in 
benzene,  from  which  it  crystallizes  in  small,  almost  rectangular, 
monosymmetric  tablets,  melting  at  156 — 157°.  When  acted 
upon  by  reagents  it  in  many  cases  yields  the  same  products 
as  the  tetrachloroketone,  since  it  passes  into  this  with  loss  of 
hydrochloric  acid. 

Hexchloroketohydronaphthalene,  or  TetrachloroJcetonaphthalene 
dichloride,  CcH4Cl0O,  is  obtained  when  the  tetrachloroketones 
are  heated  to  140 — 150°  with  manganese  dioxide  and  con- 
centrated hydrochloric  acid  for  six  to  eight  hours.  It  is  readily 
soluble  in  benzene  and  hot  alcohol,  and  separates  from  glacial 
acetic  acid  in  hard,  apparently  monosymmetric  crystals,  melting 
at  130°.     On  reduction  it  yields  trichlor-a-naphthol.1 

Brom-a-naphthoquinone  (Br  =  2  or  3)  is  obtained  when 
brom-a-naphtho-/3-quinonoxime  is  heated  with  hydrochloric 
acid,  and  forms  brown  crystals,  melting  at  200 — 201°.2 

a-2  :  S-Dibrom-a-naphthoquinone,  C10H4Br2O2,  is  formed  when 
a  solution  of  a-naphthoquinone  is  heated  with  bromine  and  a 
little  iodine  to  the  boiling-point.  It  crystallizes  from  alcohol 
in  slender,  yellow  needles,  and  melts  at  218-4C.3 

1  Zincke,  Ber.  21,  1027.  2  Bromme,  Ber.  21,  386. 

3  Miller,  Ber.  17,  355  R. 
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/3-2 : 3-Dibrom-a-naphtlwquinone  was  prepared  by  heating 
a-naphthoquinone  with  bromine,  iodine,  and  water,  crystallizes 
from  hot  alcohol  in  granular  masses  of  needles,  and  sublimes  in 
small,  well-formed  needles,  which  melt  at  151'5°. 

Both  of  these  compounds  yield  phthalic  acid  on  oxidation,  and 
should  therefore  be  identical.  In  any  case,  they  require  further 
investigation. 

1  :  4i-Dibrom-a-naphthoquinone  is  formed,  together  with  di- 
bromophthalide,  by  the  oxidation  of  1 :  4-dibromonaphthalenc 
in  acetic  acid  solution  with  chromium  trioxide.  It  is  insoluble 
in  water  and  only  slightly  soluble  in  cold  alcohol,  but  crystallizes 
from  hot  alcohol  in  bright,  golden-yellow,  lustrous  needles,  which 
melt  at  171 — 173°,  and  are  volatile  with  steam.  It  is  readily 
oxidized  by  potassium  permanganate,  but  without  the  formation 
of  phthalic  or  bromophthalic  acid.1 

Tetrabrom-a-naphthoquinone,  C10H2Br4O2,  has  been  obtained 
by  the  oxidation  of  pentabrom-a-naphthol  with  nitric  acid,  and 
crystallizes  in  small  plates,  melting  at  265°.2 

2618  ar-Tctrahydro-a-naphthoquinone,  C6Hg.C4H,02,  was  ob- 
tained by  Bamberger  and  Lingfeld 3  by  applying  Nietzki's 
process  for  preparing  benzoquinone  from  aniline  to  «r-tetra- 
hydro-a-naphthylamine.  It  is  almost  precisely  similar  to  benzo- 
quinone in  all  its  physical  properties,  and  melts  at  55-5°. 

ar-Tetrahydro-a-naphthoquinol,  C6H8.C4H2(OH)2,  is  formed  by 
reducing  the  above  compound  with  sulphurous  acid  or  phenyl- 
hydrazine.  It  crystallizes  in  aggregates  of  slender,  colourless, 
silky  prisms,  and  sublimes  almost  without  decomposition  in 
well-formed  needles,  melting  at  172 — 172'5°.  The  usual 
solvents  dissolve  it  readily,  with  the  exception  of  cold  water, 
in  which  it  is  only  sparingly  soluble.  Oxidizing  agents  re- 
convert it  into  the  quinone,  and  on  partial  oxidation  with 
potassium  dichromate  in  the  cold,  the  quinhydrone  is  formed. 
This  substance  is  also  formed  when  boiling  aqueous  solutions  of 
the  quinone  and  quinol  are  mixed,  and  separates  in  long,  brown, 
filiform  crystals. 

2619  ^-Naphthoquinone,  C10H6O2,  is  readily  formed  by  the 
oxidation  of  amido-/3-naphthol  with  chromic  acid  solution,4  and 
crystallizes   from   ether   in   red    needles,   resembling   those    of 

1  Guaresehi,  Annalcn,  222,  279.  -  Bltimlein,  Ber.  17   2485. 

3  Ber.  23   1121. 

4  Stenhouse  and  Groves,   Annalcn,   189,   145  ;    194,  202  ;  Liebermann  and 
Jacobsen,  Annalcn,  211,  36. 
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chromium  trioxide,  and  from  benzene  in  small,  yellowish-red 
plates,  which  are  insoluble  in  water.  It  differs  from  the  a- 
compound  in  being  odourless,  in  not  being  volatile  with  steam, 
and  in  carbonizing  and  decomposing  at  115 — 120°.  Its  yellow 
alkaline  solution  readily  absorbs  oxygen,  and  it  is  oxidized  to 
phthalic  acid  by  the  continued  action  of  nitric  acid  or  potassium 
permanganate. 

Since  the  substituted  groups  in  amido-/3-naphthol  have  the 
position  1  :  2,  the  constitution  of  /3-naphthoquinone  is  repre- 
sented by  the  formula : 

HC      CO 


HC     C      CO 

I      II        I 
HC     C      CH 

HC      CH 

3-Chloro- ^-naphthoquinone,  C10H5GO2,  is  obtained  when  dry 
chlorine  is  passed  into  acetic  acid  in  which  /3-naphthoquinone 
is  suspended.  It  crystallizes  from  hot  alcohol  in  red  needles, 
which  melt  with  decomposition  at  172°.  It  forms  a  reddish 
brown  solution  in  caustic  soda,  hydroxychlor-a-naphthoquinone 
being  formed  by  isomeric  change  from  the  corresponding  /3- 
derivative,  which  is  doubtless  the  first  product.1 

In  the  formation  of  this  substance  a  portion  of  the  chloro- 
quinone  must  be  reduced  to  chloroquinol : 

CO— CO  C(OH)=C.OH 

2C6H4<  |  +  H20  =  C6H4/  | 

\CH=CC1  XCH CC1 

.CO CO 

+  C6H4<  | 

\C(OH)=CCl 

CO CO  .CO— C.OH 

C6H  /  |  =  C6H  /  ||        . 

\C(OH)=CCl  \CO— CC1 

Chloro- ^-naphthoquinone  dichloride,  or  Trichlorodihetohydro- 
naphthalene,  C10H5Cl3O2,  is  obtained  when  the  solution  of 
quinone  is  saturated  with  chlorine  and  allowed  to  stand : 

CO— CO  /CO CO 

C6H4<  |         +  Cl2  =  C6H  /  |      . 

\CHzzCCl  \CHC1— CC12 

1  Zincke  and  FroMich,  Ber.  19,  2493. 
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It  crystallizes  from  glacial  acetic  acid  or  a  mixture  of  ether  and 
light  petroleum  in  large,  lustrous  monosymmetric  prisms,  which 
contain  two  molecules  of  water,  and  melt  at  112°  with  loss  of 
water.1  Like  other  similarly-constituted  compounds  it  probably 
contains  the  group  C(OH)2.C(OH)2.  When  heated  to  180°,  it 
decomposes  into  hydrochloric  acid  and  dichloro-/3-naphthoqui- 
none.  It  is  converted  by  alkalis  into  trichlorohydroxyhydrin- 
denecarboxylic  acid  (p.  8). 

3:4>-Dichloro-/3-nap7ithoquinone,C10H.iCl202,is  best  prepared  by 
suspending  I-amido-/3-naphthol  in  glacial  acetic  acid  and  passing 
in  chlorine  until  almost  complete  solution  has  taken  place.  It 
is  also  formed  by  the  oxidation  of  trichlor-a-naphthol  with 
nitric  acid  (p.  92),  and  crystallizes  from  hot  acetic  acid  or 
benzene  in  red  plates  or  thick,  brownish-red  tablets,  which 
melt  at  184°  and  sublime  without  decomposition.  It  is  converted 
into  dichlorohydroxyindenecarboxylic  acid  (p.  10)  by  cold  dilute 
caustic  soda  solution. 

Dichloro-fi-naphthoqitinone  dichloride,  or  Tctrachlorodiketohydro- 
naphthalene  is  formed  when  the  liquid  is  saturated  with  chlorine 
and  allowed  to  stand  : 

CO— CO  .CO — CO 

C6H  /  |         +  Cl2  =  C6H4<  | 

\CC1=:CC1  \cci—  CC12. 

On  the  addition  of  water  it  is  precipitated  in  small  plates 
having  a  satin  lustre,  and  containing  three  molecules  of  water, 
which  are  lost  at  100 — 105°.  The  anhydrous  compound  forms 
yellow  solutions  in  absolute  alcohol  and  glacial  acetic  acid,  from 
which  it  separates  in  light  sulphur-yellow,  lustrous  crystals, 
which  melt  at  90 — 91°,  and  decompose,  at  about  180°  with 
formation  of  dichloro-/3-naphthoquinone.  It  is  converted  by 
caustic  soda  into  dichloroketohydroxyhydrindic  acid.2 

DkMoro-fi-ketonapMhahne,  C10H6Cl2O,  is  formed  when  the 
calculated  amount  of  chlorine  is  passed  into  a  solution  of 
a-chloro-/3-naphthol  in  acetic  acid  solution  : 

/CCl=C.OH  .CCL-CO 

C6H4/  |  +  Cl2  =  C6H4<  |        +  HC1. 

XCH— CH  \CH=CH 

It  is  a  thick  liquid,  which  is  converted  into  anilido-/3-naphtho- 
quinone  by  the  action  of  aniline  on  its  alcoholic  solution,  whilst 

1  Zincke,  Ber.  20,  2890.  2  Zincke,  Bcr  21,  481. 
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it  yields  naphthoquinonedianilide  when  acted  upon  in  acetic 
acid  solution. 

2620  a-TricMoro-fi-lcetonaphthalene,  C10HsCl3O,  is  obtained  by 
the  action  of  chlorine  on  1 : 4-dichloro-/3-naphthol,  and  has 
therefore  the  following  constitution  : 


o 


/Ccu— co 

XCC1=CH 

It  forms  thick,  white  needles,  or  clear  rhombic  crystals,  and  is 
converted  into  hydroxy-a-naphthoquinone  by  alkalis. 

fi-Trichloro-fi-ketonaphthalene.  The  formation  of  this  sub- 
stance has  already  been  described  (p.  94).  It  may  be  readily 
obtained  by  dissolving  /3-naphthol  in  ten  parts  of  glacial  acetic 
acid,  passing  in  chlorine  until  the  liquid  smells  strongly  of  it, 
and  then  pouring  it  into  an  equal  volume  of  alcohol.  It 
crystallizes  from  hot  alcohol  or  glacial  acetic  acid  in  thick, 
yellowish  needles,  and  from  ether  in  large,  monosymmetric 
prisms,  which  melt  at  95 — 96°.  Dilute  alkalis  convert  it  into 
hydroxychlor-a-naphthoquinone,  and  reducing  agents  into 
1  : 3-dichloro-/3-naphthol. 

Tetrachloro-/3-ketonap7ithahne,  C10H4Cl4O4,  is  formed  when 
chlorine  is  passed  into  acetic  acid  in  which  trichloro-/3-naphthol 
is  suspended,  until  complete  solution  has  taken  place.  It 
separates  out  in  transparent  tablets  or  small  plates,  melting 
at  96 — 97°.  Concentrated  caustic  potash  dissolves  it  with 
formation  of  dichlorohydroxyindenecarboxylic  acid.  Its  con- 
stitution is  expressed  by  the  formula : 

/CC12—  CO 

C6H4<  I    . 

XCC1=CC1 

Tetrachloro-/3-7eetohydronaphthalene,  C10H6Cl4O,  is  obtained  by 
passing  an  excess  of  chlorine  into  an  acetic  acid  solution  of 
/3-naphthol,  and  separates  from  the  concentrated  solution  in 
lustrous  white  plates,  containing  one  molecule  of  water  of 
crystallization,  whilst  it  crystallizes  from  light  petroleum  in 
white  plates,  needles,  or  transparent  monosymmetric  prisms, 
which  melt  at  102—103°.  It  decomposes  in  alcoholic  solution 
with  formation  of  /3-trichloroketonaphthalene,  and  on  reduction 
yields  both  the   dichloronaphthols   simultaneously,   whilst   on 
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treatment  with  sodium   carbonate  solution   it   forms  chloro-/3- 
naphthoquinone.     Its  constitution  is  therefore  : 


C0H4< 


,CCla — CO 


nCHCI— CHC1 


a-Pentachloro-/3-7cetohydronaphthalene,  C10H5Cl6O,  is  formed 
by  the  action  of  chlorine  on  a  solution  of  a-trichloro-/3-keto- 
naphthalene  in  carbon  disulphide,  and  separates  from  the  latter 
in  splendid,  colourless,  monosymmetric  crystals,  which  have  a 
vitreous  lustre.  It  melts  at  123°,  and  is  readily  decomposed 
by  alcohol  or  acetic  acid  with  formation  of  tetrachloro-/3-keto- 
naphthalene  ;  it  is  for  this  reason  that  the  pentachloro-compound 
is  not  formed  in  acetic  acid  solution.1  Its  decomposition  pro- 
ceeds according  to  the  equation  : 

/CCI2— CO  /CCL— CO 

C6H4<(  |  =  C6H4<  |         +  HCL 

XCCL— CHC1  XCC1=CC1 

fi-PentacMorc-fi-kctohydronaphtlialene,  C10H5Cl5O,  is  the  pro- 
duct of  the  further  action  of  chlorine  on  /3-trichloro-/3-keto- 
naphthalene,  and  crystallizes  from  hot  glacial  acetic  acid  or  ether 
in  colourless,  transparent,  monosymmetric  prisms,2  which  melt  at 
116 — 117°.  On  reduction  it  yields  trichloro-/3-naphthol  and  is 
converted  by  alkalis  into  o-dichlorovinyldicMorobenzylcarloxylic 
acid: 

/CC12 — CO  /CCL— CO.OH 

C0H4/  |  +  H20  =  C6H4<  +  HCL 

\CHC1-CC12  \CC1=CHC1 

It  forms  clear,  colourless,  lustrous  crystals,  which  melt  at  130 — 
131°  with  decomposition.  On  further  treatment  with  alkalis  it 
yields  dichlorovinylbenzoylcarloxylic  acid,  C6H4(C2C12H)C0.C02H, 
which  crystallizes  in  long,  thick,  yellowish  needles,  and  melts  at 
106 — 107°  with  decomposition. 

SexcMoro-/3-ketohydro7iaphthalene,  C10H4Cl6O,  is  prepared  from 
the  tetrachloroketone  by  heating  with  manganese  dioxide  and 
hydrochloric  acid  to  140 — 150°,  and  crystallizes  in  prisms  or  tab- 
lets, which  melt  at  129°.     Hot  alcoholic  potash  converts  it  into 
1  Zinoke,  Ber.  22,  1024.  2  Zincke,  Ber.  22,  1034. 
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trichlorovinyldichlorobenzylcarboxylicacid,C6Ki(C2Clz)CC'l2.C02H., 
which  crystallizes  in  elongated  tablets  and  is  "converted  into 
trichlorovinylbenzoic  acid  (p.  13)  on  oxidation.1 

Hexchloroketohydronaphthalene  combines  with  tetrachloro- 
/3-ketonaphthalene  to  form  the  compound  C10H4Cl4O  + 
C10H4Cl6O,  which  crystallizes  from  glacial  acetic  acid  in  yellow 
rhombic  pyramids,  resembling  those  of  sulphur,  and  separates 
from  ether  in  larger,  lustrous  crystals.2 

Bromo-fi-naphthoquinone,  G10H5BrO2(O  :  0  :  Br  =  1 : 2  : 3),  may 
readily  be  obtained  by  the  action  of  bromine  on  the  quinone 
suspended  in  glacial  acetic  acid.  It  crystallizes  in  red  to 
brownish-red  needles  or  prisms,  which  are  moderately  soluble 
in  hot  alcohol,  glacial  acetic  acid,  or  benzene,  melt  at  177 — 178°, 
and  sublime  without  decomposition. 

Dibromo-fi-naphthoquinone,  C10H4Br2O2,  is  prepared  by  the 
addition  of  bromine  to  a  hot  solution  of  the  preceding  com- 
pound in  acetic  acid,  and  is  still  more  readily  formed  from 
1-amido-yS-naphthol.  It  crystallizes  from  glacial  acetic  acid  in 
thick  plates,  melting  at  172 — 174°.3 

Tribromo-fi-naphthoquinone,,  C10H3Br3O2,  is  obtained  by  the 
oxidation  of  pentabromo-/3-naphthol  with  nitric  acid,  and  forms 
cinnabar-red  granules,  which  melt  at  164°.4 

Nitro-/3-naphthoquinonc,  C10H6(NO2)O2,  is  formed  when  the 
quinone  is  dissolved  in  hot  dilute  nitric  acid  of  sp.  gr.  r38°,5 
and  the  solution  rapidly  cooled.  It  crystallizes  from  hot  glacial 
acetic  acid  in  splendid  tablets,  having  the  colour  and  lustre  of 
chromium  trioxide,  which  melt  at  158°  and  are  oxidized  to 
phthalic  acid  by  potassium  permanganate.6  The  quinone 
combines  with  one  molecule  of  hydroxylamine  to  form  an 
addition  product,  which  is  a  yellow,  hygroscopic  powder,  and 
melts  at  140 — 141°  with  vigorous  evolution  of  gas.  On  boiling 
with  acetic  acid,  phenol,  or  alcohol,  nitrogen  is  evolved  and 
nitronaphthoquinol  formed.7 

^-Naphthoquinone,  is  formed  to  the  extent  of  0'5  per  cent,  by  the 
action  of  fuming  nitric  acid  on  dibrom-a-naphthol.  The  bromin- 
done  (p.  11)  formed  at  the  same  time  is  dissolved  in  alcohol  and 
filtered  off,  the  quinone  being  then  well  washed  with  hot  alcohol 
and    purified    by   recrystallization   from    glacial  acetic  acid  or 

1  Zincke,  Ber.  21,  3540.  2  Zincke,  Ber.  22,  1032. 

3  Weltner  and  Zincke,  Ber.  19,  2495.  *  Flessa,  Ber.  17,  1479. 
6  Zaertling,  Ber.  23,  175. 

6  Groves  and  Stenhouse,  Annalen,  194,  202  7  Zaertling,  Ber.  23,  179- 
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nitrobenzene.  It  forms  slender,  pale-yellow  needles,  is  remark- 
ably insoluble  in  most  solvents,  and  has  no  definite  melting- 
point,  but  blackens  and  decomposes  above  200°.  Zinc  dust  and 
acetic  acid  convert  it  into  a  dihydroxynaphthalene,  'which  is 
precipitated  by  water  in  minute,  whitish  needles.  It  is  insoluble 
in  hot  water,  slightly  soluble  in  alcohol,  forming  a  solution  which 
becomes  violet  in  the  air.  On  heating  it  shrinks  and  blackens 
at  about  205°.  The  diacctyl  derivative  forms  stellate  bundles  of 
whitish  flattened  needles,  melting  at  226 — 227°.  On  oxidation 
with  hot  alkaline  permanganate  solution  the  dihydroxynaphtha- 
lene is  converted  into  an  acid  which  is  probably  v-hydroxy- 
phthalic  acid.  This  shows  that  the  dihydroxynaphthalene  and 
therefore  the  quinone  is  a  1:1'-  or  peri-compound.1  The 
hydroxy-compound,  however,  differs  from  that  obtained  by 
Erdmann  (p.  117).2 

Nitro-'y-naphthoquinone  is  obtained,  together  with  nitro- 
naphthalic  acid,  C10Hs(NO2)(CO2H)2,  when  acenaphthene, 
C10H6.C2H4,  is  boiled  with  nitric  acid,  and  crystallizes  from 
alcohol  or  glacial  acetic  acid  in  yellowish-red  needles,  melting 
at  208°.  It  contains  the  quinone  oxygen  atoms  in  the  1  : 1'- 
position,  like  the  carboxyl-groups  in  naphthalic  acid.3 


THE    TRIHYDROXYNAPHTHALENES,    C10H5(OH)3 
AND    HYDROXYNAPHTHOQUINONES, 

C]0H6(OH)O3. 

2621  1:2:  4<-Trihydroxynaphthale?ie  is  formed  by  the  action 
of  tin  and  hydrochloric  acid  on  hydroxy-a-naphthoquinone,  and 
crystallizes  from  ether  in  yellow  needles,  which  are  sparingly 
soluble  in  water.  It  reduces  solutions  of  silver  and  mercury,  as 
well  as  Fehling's  solution,  and  its  alkaline  solution  rapidly 
becomes  red  in  the  air,  the  original  hydroxyquinone  being 
formed. 

Hydroxy-a-naphthoquinone,  or  Naphthalenic  acid,  is  obtained  by 
heating  hydroxyimidonaphthol,  C10H5O(NH)OII,  or  di-imido- 
naphthol,  C10H5(OH)(NH)2,  with  acids  or  alkalis.4  It  is,  however, 

1  Meldola  and  Hughes,  Journ.  Chem.  Soc.  1890,  1   631. 

2  Meldola  and  Hughes,  Journ.  Chem.  Soc.  1890,  1   809. 

3  Quincke,  Ber.  21,  1460. 

4  Martius  and  Griess,  Annalcn,  134,  375  ;  Grabe  and  Ludwig,  Annalcn,  154, 
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most  conveniently  prepared   by  heating  the  former  compound 
with  sodium  carbonate  solution  : 1 

/CO C.OH  .CO— C.OH 

C6H4<  ||  +H20  =  CflH4<  1|         +  NH3. 

\C(NH)— CH  xCO— CH 

When  the  cold  concentrated  solution  is  acidified  with  hydro- 
chloric acid,  it  is  precipitated  as  a  yellow  powder  which  becomes 
electrically  charged  on  drying ;  it  crystallizes  from  a  hot  dilute 
solution,  on  the  other  hand,  in  lustrous  yellow  needles,  which 
melt  at  190°  with  decomposition.2  It  partially  sublimes  in 
reddish-yellow  needles,  resembling  those  of  alizarin,  which 
was  formerly  thought  to  be  an  isomeride  of  naphthalenic  acid. 
It  is  scarcely  soluble  in  cold  water,  but  readily  soluble  in  alcohol 
and  ether,  decomposes  carbonates  and  forms  red  salts  with  the 
alkalis  and  alkaline  earths.  The  silver  salt,  C10H5O2(OAg), 
is  a  reddish-brown  precipitate,  which  crystallizes  from  hot  water 
in  cinnabar-red  needles. 

Hydroxychlor-a-najphthoqicinone,  Chloroxynaphthalenic  acid,  or 
Chloronaphlhalenic  acid,  C10HiClO2(OH),  was  obtained  by 
Laurent  by  boiling  a-chloronaphthalene  tetrachloride  with 
nitric  acid,  and  by  the  action  of  alcoholic  potash  on  2:3- 
dichloronaphthoquinone  : 


3 


CO— CC1  /CO-CC1 

C6h/  II         +KOH  =  C6H4<  ||        +KC1. 

6    4\cO— CC1  \CO-COH 

It  was  at  one  time  prepared  by  Castelhaz,  of  Paris,  according  to 
P.  and  E.  Depouilly's  method,  by  acting  with  nitric  acid  on 
the  mixture  of  naphthalene  dichloride  and  chloronaphthalene 
dichloride  obtained  by  the  action  of  potassium  chlorate  and 
hydrochloric  acid  on  naphthalene ;  phthalic  acid  and  hydroxy- 
chloronaphthoquinone  are  thus  formed  and  can  readily  be 
separated.4  The  latter  compound  is,  however,  best  prepared 
by  covering  dichloronaphthoquinone  with  alcohol  and  adding 
concentrated  caustic  potash  ;  the  potassium  salt  separates  out 
after  a  short  time.5 

1  Diehl  and  Merz,  Ber.  11,  1314. 

2  Liebennann  and  Jacobsen,  Annalen,  211,  81. 

a  Annalen,  35,  292.  4  Annalen,  137,  373. 

5  Grabe,  Annalen,  149,  13. 
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Hydroxychlor-a-naphthoquinone  crystallizes  in  long,  yellow, 
transparent  needles,  which  melt  above  200°,  are  scarcely  soluble 
in  water,  moderately  in  alcohol,  ether  and  benzene,  and  sublime 
without  decomposition.  It  is  oxidized  by  nitric  acid  to  phthalic 
and  oxalic  acids,  and  is  converted  by  phosphorus  pentachloride 
into  pentachloronaphthalene ;  on  heating  with  soda  lime  it  yields 
benzene. 

Potassium  chloronaphthalenate,  C10H4ClO3K,  crystallizes  in 
cherry-red  needles,  which  contain  water  of  crystallization,  and 
are  only  sparingly  soluble  in  cold  water. 

Barium  chloronaphthalenate,  (C10H4ClO3)2Ba  +  3H20,  is 
scarcely  soluble  in  cold  water,  and  crystallizes  from  hot  water 
in  slender,  yellow,  silky  needles. 

Chloronaphthalenic  acid  dyes  wool  a  deep  red ;  if  it  be 
treated  with  water  and  sodium  amalgam  a  colourless  solution 
is  obtained  which  rapidly  becomes  red  again  in  the  air.  The 
alkaline  solution  becomes  yellow  on  treatment  with  zinc  dust, 
and  this  is  changed  to  green  after  a  little  time  when  ammonia  is 
added. 

Hydrochloric  acid  precipitates  from  this  solution  a  brown 
powder,  which  after  washing  and  drying,  takes  a  green  metallic 
lustre  and,  according  to  Kochlin,  consists  of  trihydroxychloro- 
naphthalene,  C10H4C1(OH)3.  It  dissolves  in  alcohol,  forming  a 
violet  solution,  which  is  coloured  blue  by  ammonia,  red  by  acids, 
and  dyes  wool  direct.1 

Dichlorotriketohydronaphthalene,  C10H4Cl2O3  +  H20,  is  formed 
when  chlorine  is  allowed  to  act  upon  hydroxychlor-a-naphtho- 
quinone dissolved  in  glacial  acetic  acid  : 

CO-CC1  CO— CCL 

C6H4<  |f  +  Cl2  =  C0H4<  |  +  HCL 

\CO— C.OH  \CO— CO 

It  crystallizes  in  thick,  white  needles,  which  become  anhydrous 
at  100°  and  melt  at  105°.  On  boiling  with  water  it  dissolves, 
and  when  potassium  iodide  is  added  to  this  solution  the  original 
hydroxychloronaphthoquinone  separates  out,  hypochlorous  acid 
being  certainly  eliminated.  It  is  converted  into  dichloroketo- 
hydrindenic  acid  by  dilute  alkalis.2 

Eydroxybrom-a-naphthoquinone,  or  a-Bromonaphthalenic  acid, 

1  Zeitsch.  Chem.  1866,  223. 

2  Zincke  and  Gerland,  Ber.  20,  3216  ;  21   2379. 
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C10H4Br(OH)O2,  was  obtained  by  Miller  by  heating  the  dibromo- 
naphthoquinone  which  melts  at  218°,  with  a  solution  of  caustic 
potash  in  dilute  alcohol.  It  crystallizes  from  alcohol  in  yellow 
needles,  which  melt  at  201—202°. 

Potassium  a-bromonaphthalenate,  C^B^BrOgK,  crystallizes  in 
long,  red,  anhydrous  needles. 

Barium  a-bromonaphthalenate,  (C10H4BrO3)2Ba  +  SH20,  is  a 
yellowish-red  precipitate,  which  is  scarcely  soluble  in  cold, 
sparingly  in  hot  water,  and  crystallizes  from  the  latter  in  long, 
very  slender  needles. 

Hydroxy- fi-brom-a-naphthoquinone,  or  fi-Bromonaphthalenic 
acid,  is  formed  when  the  dibromonaphthoquinone  Avhich  melts  at 
151'5°  is  heated  with  caustic  soda  solution,  and  when  a  solution  of 
naphthalenic  acid  in  bromine  is  boiled  for  several  hours.1  It  is 
also  obtained  by  the  action  of  caustic  soda  solution  on  mono- 
bromo-/3-naphthoquinone,  a  portion  of  the  latter  being  simul- 
taneously reduced  to  the  bromoquinol,  and  is  formed  in  small 
quantity  by  the  bromination  of  /3-naphthoquinone.2  It  crystallizes 
from  alcohol  in  golden-yellow  scales,  and  from  dilute  alcohol  in 
fascicular  groups  of  irregular  needles,  which  are  sparingly  soluble 
in  ether  and  benzene,  and  scarcely  soluble  in  boiling  water ;  it 
melts  at  196o°,  and  sublimes,  with  partial  carbonization,  in 
golden-yellow,  pointed  needles.  Its  solution  has  a  yellow  or  red 
colour  according  to  the  concentration.  Sodium  amalgam  con- 
verts it  into  naphthalenic  acid  (Zincke). 

Potassium  fi-bromonaphthalenate,  C10H4BrO3K  +  4H20,  is 
readily  soluble  in  water,  and  crystallizes  in  aggregates  of  dark- 
red  needles. 

Barium  fi-bromonaphthalcnate,  (C10H4BrO3)2Ba,  is  obtained  by 
mixing  hot  solutions  of  the  potassium  salt  and  barium  chloride, 
and  separates  out  in  slender,  yellowish-red,  matted  needles, 
which  are  only  very  slightly  soluble  in  water. 

Both  of  the  hydroxybromonaphthoquinones,  like  the  corre- 
sponding dibromonaphthoquinones,  yield  phthalic  acid  on  oxida- 
tion, and  should  therefore  be  identical.  Zincke  assumes  that  in 
the  formation  of  the  second  compound  from  dibromo-/3-naphtho- 
quinone  an  intermolecular  change  takes  place. 

Dibromotriketohydronaphthalcne,  C10H4Br2O3  +  H20,  is  ob- 
tained by  the  action  of  bromine  on  a  solution  of  hydroxybrom- 
o-naphthoquinone  in  glacial  acetic  acid,  and  crystallizes  in  dull 
white  needles,  which  are  readily  soluble  in  alcohol  and  benzene, 

1  Diehl  and  Merz,  Ber.  U,  1064.  2  Zincke,  Ber.  19,  2493. 
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and  melt  at  114 — 115°,  hypobromous  acid  being  evolved ;  the 
following  formula,  therefore,  probably  represents  the  constitution 
of  this  compound  : 

CO—  CBr2  /CO— CBr 

C6H  4<  |  =  C6H4<  ||  +  BrOH. 

xCO— C(OH)2  \CO— C.OH 

This  decomposition  takes  place  quantitatively  on  boiling  with 
dilute  alcohol.  The  cblorine  compound,  mentioned  above,  has 
probably  a  similar  constitution  (Zincke  and  Gerland). 

Eydroxynitro-a-naphthoquinone  or  Nitronaphthalenic  acid, 
C10H4(NO2)(OH)O2,  is  formed  when  fuming  nitric  acid  is  added 
to  a  solution  of  naphthalenic  acid  in  sulphuric  acid,1  and  may 
also  be  obtained  by  heating  equal  parts  of  dichlor-a-naphtho- 
quinone  and  sodium  nitrite  with  a  sufficient  quantity  of  water, 
a  little  alcohol  being  occasionally  added,  until  complete  solution 
has  been  effected : 

C10H4C1202  +  3NaN02  +  H20  = 
C10H4(NO2)(ONa)O2  +  2NaCl  +  2N02H. 

On  cooling,  the  sodium  salt  separates  out,  and  is  decomposed 
with  nitric  acid.2 

Nitronaphthalenic  acid  forms  golden-yellow  solutions  in  hot 
water,  alcohol,  ether,  or  benzene,  and  crystallizes  from  the  latter 
in  yellowish  plates  or  tablets,  which  melt  at  157°  with  decom- 
position. It  is  oxidized  by  dilute  nitric  acid  to  phthalic  acid, 
which  is  also  formed,  accompanied  by  hydrocyanic  acid  and 
humus  substances,  when  it  is  boiled  with  water  for  a  considerable 
time. 

Sodium  nitronaphthalenate,  C10H4(NO2)O3Na  +  H20,  forms 
flat  needles,  which  have  a  strong  brassy  lustre. 

Potassium  nitronaphthalenate,  C10H4(NO2)O3K  +  H20,  crys- 
tallizes from  hot  water  in  lustrous  golden-yellow  needles. 

Ammonium  nitronaphthalenate,  C10H4(NO2)O3NH4,  is  not 
very  soluble,  and  forms  anhydrous  golden-yellow  prisms,  which 
are  powerfully  iridescent. 

Barium  nitronaphthalenate,  [C10H4(NO2)O3]2Ba,  forms  orange- 
red  scales,  sparingly  soluble  in  cold  water. 

Silver  nitronaphthalenate,  C10H4(NO2)O3Ag,  crystallizes  from 
hot  water  in  dark-yellow  or  reddish-brown,  pointed  needles. 

1  Diehl  and  Merz,  Bcr.  H,  1214. 

:  Kehrmann  and  Weichardt,  J.  Pr.  Chem.  II.  40   179. 
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JUGLONE  AND  HyDROJUGLONE. 


2622  Vogel  and  Reischauer  discovered  a  substance,  which 
crystallized  in  reddish-yellow  needles,  in  the  green  outer  shell  of 
the  unripe  walnut  (Juglans  regia),  and  gave  to  it  the  name  of 
nucine,  which  they  afterwards  changed  to  juglone.  C.  Reischauer 
then  pointed  out  that  this  substance  was  probably  identical  with  the 
regianine,  which  had  been  prepared  from  the  nutshells  by  Phipson, 
and  this  was  confirmed  by  the  latter  chemist.1  Reischauer2 
derived  the  formula  C18H1205  from  his  analyses,  but  Bernthsen  3 
showed  that  the  substance  is  a  hydroxynaphthoquinone,  C10H6O3, 
since  on  heating  with  zinc  dust  it  is  converted  into  naphthalene. 
According  to  Mylius 4  the  juglone  does  not  occur  ready  formed 
in  the  unripe  shells,  but  these  and  the  other  green  parts  of  the  tree 
contain  during  growth  two  trihydroxynaphthalenes  or  hydro- 
juglones,  one  of  which,  the  a-compound,  is  readily  oxidized  to 
juglone.  The  ripe  shells  contain  no  hydrojuglones,  but  complex 
substances,  perhaps  glucosides,  which  can  nevertheless  be  em- 
ployed for  the  preparation  of  hydrojuglone  and  juglone.  Mylius 
found  that  on  fusion  with  caustic  potash,  a-hydrojuglone  yields 
m-hydroxybenzoic  acid,  accompanied  by  other  products,  so  that 
the  hydroxyl  groups  must  be  distributed  between  the  two  nuclei. 
Bernthsen  and  Semper  6  then  showed  that  juglone  is  converted 
by  dilute  nitric  acid  into  dinitro-v-hydroxyphthalic  acid,  and  by 
hydrogen  dioxide  into  v-hydroxyphthalic  acid,  which  confirmed 
the  views  expressed  by  Mylius,  and  further  found  that  the 
hydroxyl-group  in  one  nucleus  is  in  the  o-position,  the  constitu- 
tion of  juglone  being  thus  determined.  They  then  prepared  this 
substance  artificially  by  oxidizing  1 : 4'-dihydroxynaphthalene 
with  chromic  acid  solution. 


OH 


OH  OH 

a-Hydrojuglone. 


0 


OH  0 

Juglone. 


Juglone  is  obtained  from  the  dry,  ripe,  green  outer  shell  of  the 
walnut  by  extracting  with  ether  and  shaking  up  the  brownish- 

1  Ber.  19,  28  R. 

*  Ber.  17,  2411 ;  18,  2564. 


2  Ber.  10,  1542. 

5  Her.  18,  203  ;  19,  164 


20 


s  Ber.  17,  1945. 
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green  solution  with  a  dilute  solution  of  chromic  acid,  which  alters 
the  colour  to  a  fine  golden-yellow.  The  ether  is  distilled  off,  and 
the  residue,  after  repeated  extraction  with  small  quantities  of 
hoiling  ether  to  remove  fat  and  resinous  matter,  purified  by 
solution  in  chloroform  and  addition  of  light  petroleum,  which 
precipitates  a  viscid  substance  ;  this  is  filtered  off,  and  the  solu- 
tion evaporated.  About  150  grms.  of  juglone  are  thus  obtained 
from  rather  more  than  100  kilos,  of  walnut-shells  (Bernthsen  and 
Semper). 

It  is  readily  soluble  in  chloroform,  and  crystallizes  from  it  or 
from  hot  glacial  acetic  acid  in  thin,  lustrous,  yellowish-red  to 
brownish-red  needles  or  prisms ;  from  alcohol,  in  which  it  is 
less  soluble,  it  is  obtained  in  garnet-red  needles.  It  is  still  less 
freely  soluble  in  ether  and  light  petroleum,  in  which  it  forms 
yellow  solutions,  whereas  its  concentrated  solution  in  chloroform 
is  reddish-brown.  It  melts  at  about  150°  with  decomposition, 
and  sublimes  at  a  higher  temperature,  a  portion  being  simul- 
taneously carbonized.  On  boiling  with  water  it  is  also  decom- 
posed, a  portion  volatilizing  with  the  steam,  and  imparting  to  it 
the  characteristic  quinone-like  smell  of  the  shells  as  well  as  the 
property,  which  is  also  possessed  by  the  powdered  substance,  of 
causing  coughing  and  sneezing.  Its  solutions  colour  the  skin  a 
deep  yellowish-brown  in  the  same  way  as  walnut-juice.  Cold 
sulphuric  acid  dissolves  it  with  a  blood-red  colour,  but  it  is  re- 
precipitated  by  the  addition  of  water.  Reducing  agents  readily 
convert  it  into  a-hydrojuglone. 

It  forms  violet  solutions  in  the  alkalis,  but  the  colour  soon 
changes  to  reddish-brown,  oxyjuglone,  C10H6O4,and  other  products 
being  formed.  Copper  acetate  added  to  the  alcoholic  solution 
precipitates  the  compound  (C10H5O3)2Cu  in  microscopic,  obtuse- 
angled  violet  prisms. 

AcetyJjuglone,  C10H6O2(O.CO.CH3),  is  formed  by  the  continued 
boiling  of  juglone  with  acetic  anhydride,  and  by  oxidizing  1  :  4'- 
diacetoxynaphthalene  with  chromic  acid.  It  crystallizes  from 
hot  alcohol  in  light-yellow  plates  or  tablets,  which  have  a  fatty 
lustre,  melt  at  154 — 155°  to  a  red  liquid,  and  sublime  in 
splendid  long  thin  plates.  It  is  also  volatile  with  steam,  the 
vapour  having  a  fainter  smell  than  that  of  juglone,  but  irritating 
the  mucous  membrane  in  the  same  way. 

a-Hydrqjuglona,  C10H5(OH)3,  crystallizes  in  colourless  plates  or 
needles,  which  melt  at  168 — 170°,  and  dissolve  at  25°  in  about 
200  parts  of  water.     It   is  readily  soluble  in  alcohol  and  ether 
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but  is  insoluble  in  chloroform.  With  alkalis  it  forms  a  yellow 
solution,  which  becomes  violet-coloured  in  the  air  owing  to  the 
formation  of  juglone,  which  is  also  produced  when  bromine 
water  or  ferric  chloride  is  added  to  its  solution.  On  fusion  with 
caustic  potash  it  yields  m-hydroxybenzoic  acid,  which  partially 
decomposes  into  carbon  dioxide  and  phenol ;  salicylic  acid,  and 
catechol  being  then  formed  from  these  as  secondary  products. 

a-Hydrojuglone  is  odourless,  but  has  an  unbearable  bitter  taste, 
and  is  poisonous.  Rabbits  are  rapidly  killed  by  a  subcutaneous 
injection  of  its  saturated  solution,  whilst  a  dose  of  0"5  grms. 
administered  internally  kills  them  within  two  hours.  The  green 
walnut-shells  are  known  to  be  poisonous,  since  goats  die  shortly 
after  eating  them. 

ft-Hydrojuglone  occurs  in  small  quantity  in  the  green  parts  of 
the  tree,  and  crystallizes  from  alcohol  in  silvery,  six-sided  tablets 
or  flat  needles,  which  melt  at  97°,  and  volatilize  with  steam,  an 
aromatic  vapour  being  produced.  It  has  a  sharp,  burning  taste, 
dissolves  at  25°  in  900 — 1000  parts  of  water,  and  is  sparingly 
soluble  in  alcohol  and  ether,  but  freely  in  chloroform.  Its 
solution  is  coloured  deep-red  by  ferric  chloride. 

It  is  also  formed  by  the  distillation  of  a-hydrojuglone,  and  is 
re-converted  by  the  action  of  acid  chlorides  or  by  boiling  with 
dilute  acids  into  this  substance ;  for  this  reason,  juglone  is 
formed  when  its  alcoholic  solution  is  heated  with  acid  ferric 
chloride. 

The  position  of  its  hydroxyl-groups  is  not  known,  but  since  it 
does  not  behave  as  a  quinol,  they  cannot  be  in  the  para-position.1 
The  following  compounds  have  been  obtained  from  a-  and  /3- 
hydrojuglones,  and  yield  the  latter  on  hydrolysis : 

Melting-point. 

Triacetyl-/3-hydrojuglone,  Cl0H6(O.CO.CH3)3, 

colourless  prisms 129 — 130 

Tribenzoyl-/3-hydrojuglone,  C10H6(O.CO.C6H6)3, 

needles      228—229° 

Trihydroxynaphihalene  is  formed  when  naphthalenemetadi- 
sulphonic  acid  is  fused  with  caustic  potash  at  280 — 300°  for 
several  hours.  It  crvstallizes  from  water  in  minute  scales,  and 
from  light  petroleum  in  small  white  aggregates,  melting  at 
120 — 121°.     It  sublimes  in  thin  lustrous  scales,  is  extremely 

1  Mylius  loc.  cit.  ;  Ser.  18,  463. 
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soluble  in  ether  and  benzene,  and  gives  no  characteristic  coloura- 
tion with  ferric  chloride.1 

2623  2' -Hydroxy- ^-naphthoquinone,  is  obtained  from  the 
amido-compound  formed  by  the  reduction  of  2'-hydroxy-/3- 
naphthoquinonoxime  by  treating  its  hydrochloride  in  aqueous 
solution  with  dilute  ferric  chloride,  and  is  also  probably  formed 
by  the  direct  oxidation  of  2  :  2'-dihydroxynaphthalene.  It  is 
a  reddish-brown  amorphous  substance  which  is  readily  soluble 
in  alcohol  and  glacial  acetic  acid,  but  is  insoluble  in  ether, 
chloroform,  and  benzene,  and  has  not  been  obtained  in  the  crys- 
talline form.2     It  forms  a  reddish-brown  solution  in  alkalis. 


THE  DIHYDROXYNAPHTHOQUINONES, 

C10H4O2(OH)2. 

2624  a-Dihydroxynaphtlioquinone,  (OH :  OH  =  2:3),  is  formed 
when  amidonaphthalenic  acid,  C10H4O2(NH2)OH,  is  heated  to 
170 — 180°  with  dilute  hydrochloric  acid  : 

C10H4(NH2)(OH)O2  4  H20  +  HC1  =  C10H4(OH)2O2  +  NH4C1. 

It  crystallizes  from  hot  alcohol  in  slender  reddish-brown  needles, 
and  from  hot  glacial  acetic  acid  in  dark-red  scales,  showing  a 
strong  metallic  lustre  in  sunlight.  It  is  sparingly  soluble  in 
cold,  more  freely  in  hot  water,  forming  a  red  solution,  and  imparts 
a  dark  violet-blue  colour  to  the  alkalis,  which  becomes  blue  when 
more  alkali  is  added  and  changes  to  brown  on  exposure  to  the 
air,  a  black  powder  being  subsequently  deposited  and  the  solution 
left  colourless.  The  red  aqueous  solution  is  decolourized  by  tin 
and  hydrochloric  acid,  but  regains  its  original  tint  on  exposure 
to  the  air.  It  sublimes  when  carefully  heated  in  slender, 
cinnabar-red  needles  or  very  lustrous  dark-bronze  coloured, 
pointed  needles,  a  portion  being  simultaneously  carbonized. 
Nitric  acid  converts  it  into  phthalic  acid. 

The  barium  salt,  C10H4O4Ba,  is  a  blackish-violet  precipitate, 
the  lead  salt  dark -blue  and  the  silver  salt  greyish-blue  ;  the  last 
of  these  takes  a  strong  brassy  lustre  on  drying.  a-Dihydroxy- 
naphthoquinone  dyes  cotton  violet  on  an  alumina  mordant,  and 

1  Armstrong  and  Wynne,  Proc.  Chcm.  Soc.  1890,  136. 

2  Clausius,  Ber.  23,  522. 


NAPHTHAZARIN  141 


dark-blue  on  an  iron  mordant,  this  colour  being  fast  to  soap. 
Silk  is  dyed  a  brownish-violet  and  takes  a  strong  metallic  lustre, 

Diacetyl-a-dihydroxynaphthoquinone,  C10H4(O.CO.CH3)„O2, 
crystallizes  from  hot  dilute  alcohol  in  brown  scales.1 

(3-Dihydroxynaphthoquinone.  In  the  year  1861  Koussin  pre- 
pared a  colouring  matter  by  the  action  of  zinc  on  a  solution  of 
dinitronaphthalene  in  hot  sulphuric  acid,  and,  looking  upon  it 
as  identical  with  the  colouring  principle  of  madder,  called  it 
artificial  alizarin.2 

Analyses  of  this  substance  soon  convinced  him,  however,  that 
it  differed  from  alizarin,3  and  Jacquemain  also  found  that  the 
reactions  of  the  two  substances  were  by  no  means  identical.4 
The  new  compound  was  then  termed  naphthazarin  by  Kopp,5 
and  this  name  soon  passed  into  general  use.  Its  correct  formula 
and  constitution  were  established  by  Liebermann,  who  proved  it 
to  be  a  dihydroxynaphthoquinone.6  Since  the  dinitronaphthalene 
employed  for  its  preparation  was  a  mixture,  it  still  remained  to 
be  decided  from  which  of  the  isomerides  the  naphthazarin  was 
formed,  and  this  question  was  settled  by  de  Aguiar  and  Bayer  in 
favour  of  a-dinitronaphthalene.7 

According  to  Liebermann,  naphthazarin  is  best  prepared  in  the 
following  manner  : — A  mixture  of  400  grms.  of  concentrated  sul- 
phuric acid  with  40  grms.  of  the  fuming  acid  is  heated  to  200°,  and 
to  this  are  added  40  grms.  of  dinitronaphthalene  and  then  granu- 
lated zinc,  care  being  taken  that  the  temperature  does  not  rise 
above  205°  or  fall  below  195°.  Five  or  ten  grms.  of  zinc  are 
required  and  should  be  added  during  about  fifteen  minutes.  A 
small  portion  is  removed  from  time  to  time,  boiled  with  water 
and  filtered ;  as  soon  as  the  colour  of  the  filtrate  is  a  fine  red 
and  a  gelatinous  precipitate  is  deposited  on  cooling,  the  reaction 
is  complete.  The  product  is  poured  into  10  parts  of  water, 
heated  to  boiling  and  filtered.  The  naphthazarin  separates  out 
on  cooling  and  is  re-crystallized  from  alcohol.  It  is  thus  ob- 
tained in  elegant  brown  needles,  with  a  green  surface  lustre  and 
is  further  purified  by  sublimation,  small  reddish-brown  needles 
being  formed,  or  if  it  be  more  strongly  heated,  aggregates  of 
longer  feathery  needles,  which  have  a  strong  green  metallic 
lustre,  and  resemble  small  cock's  feathers. 

1  Diehl  and  Merz,  Ber.  11,  1321.  =  Compt.  Bend.  52,  1033. 

s  Compt.  Bend.  52,  1177.  i  Compt.  Bend.  52,  1180. 

6  Bc.pe.rt.  Chim.  App.  3,  411.  6  Ber.  3,  905  ;  Annalen,  162,  328. 

7  Ber.  4,  251. 
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It  is  slightly  soluble  in  hot  water  and  freely  in  alcohol,  forming 
a  red  solution.  Its  alkaline  solution,  which  has  a  splendid  corn- 
flower blue  colour  is  decolourized  by  sodium  amalgam,  but 
regains  its  colour  in  the  air.  Sulphuric  acid  dissolves  it  with 
formation  of  a  magenta-red  solution,  from  which  it  is  precipitated 
by  water.  Heated  zinc  dust  reduces  it  to  naphthalene,  whilst  it 
is  oxidized  by  nitric  acid  to  oxalic  acid,  no  phthalic  acid  being 
formed. 

Its  alkaline  solution  gives  blue  precipitates  with  the  salts  of 
calcium,  barium,  and  lead.  The  iron  lake  is  bluish-green,  and 
that  with  alumina  carmine-red  ;  the  shades  produced  on 
mordanted  cotton  can  however  be  more  cheaply  obtained  by 
means  of  dye-woods.  On  the  other  hand  it  dyes  fast  shades  on 
a  chromium  mordant,  which  can  be  varied  from  the  most  delicate 
grey  to  the  deepest  black.  In  order  to  employ  it  for  printing 
and  dyeing,  it  is  converted  into  the  soluble  sulphite  compound, 
C]0H6O4  +  NaHS03,  discovered  by  Bohn,  which  is  known  as 
alizarin  black,  by  mixing  it  in  the  form  of  paste  with  a  strong 
solution  of  acid  sodium  sulphite  of  30 — 40°  B,  and  allowing  the 
whole  to  stand  for  several  days  at  50 — 70°.  On  the  addition  of 
common  salt  &  black  precipitate  is  obtained  which  forms  a 
reddish-brown  solution  in  water,  and  a  yellowish-brown  solution 
with  a  green  fluorescence  in  alcohol. 

Alizarin  black  is  fixed  on  cotton  by  mixing  it  with  chromium 
acetate  and  dilute  acetic  acid,  thickening  with  starch  paste  and 
printing  this  mixture  on  the  fabric,  which  is  then  dried  and 
steamed,  a  compound  of  naphtbazarin  with  chromium  oxide  being 
thus  formed.  It  is  fixed  on  wool  in  a  similar  manner,  whilst  to 
dye  wool  the  fabric  must  first  be  mordanted  with  chromium 
oxide  and  then  brought  into  a  hot  solution  of  the  colouring 
matter. 

In  the  preparation  of  naphthazarin,  a  black  mass  is  obtained 
and,  indeed,  forms  the  larger  portion  of  the  product.  This 
substance  forms  dirty-violet  coloured  solutions  in  alkalis,  from 
which  it  is  precipitated  by  acids  as  a  black  powder  which  takes 
a  reddish  metallic  lustre  in  drying.  This  compound,  which  is 
considered  by  de  Aguiar  and  Bayer  to  be  trihydroxynaphtho- 
quinone,  C10H3(OH)3O2,  is  also  obtained  by  heating  naphthazarin 
with  sulphuric  acid.1 

y-Dihydroxynaphthoquinone,  or  Hydroxyjuglone,  (OH:OH=2:5 
or  3  :  5).    Mylius  observed  that  juglone  combines  with  dimethyl- 

1  Ber.  4,  438. 
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amine  to  form  dimetliylamidojuglonc,  C10lI4O2(OH)N(CH3)„ 
which  crystallizes  from  glacial  acetic  acid  in  brownish-violet 
tablets,  having  a  metallic  lustre  and  melting  at  149—150°. 
On  heating  with  hydrochloric  acid  this  substance  is  converted 
into  hydroxyjuglone : 

C10H4O2(OH)N(CH3)2  +  H20  =  C10H4O2(OH)2  +  NH(CH3)2 

It  is  also  formed  by  the  oxidation  of  a-hydrojuglone  with  an 
alkaline  solution  of  potassium  ferricyanide.  It  crystallizes  in 
golden-yellow  needles,  or  small  lemon-yellow  tablets,  which 
are  scarcely  soluble  in  water,  sparingly  in  alcohol  and  ether, 
readily  in  chloroform  and  acetone,  and  are  decomposed  and 
blackened  at  200°.  When  carefully  heated  however  it  can  be 
sublimed  and  gives  a  vapour  which  smells  like  that  of  juglone. 
It  forms  a  cherry-red  solution  in  concentrated  sulphuric  acid  and 
a  yellowish-red  solution  in  alkalis,  which  is  unaltered  in  the 
air.1  When  it  is  heated  in  alcoholic  solution  with  stannous 
chloride,  the  colourless  crystalline  quinol,  C10H4(OH)4,  is  formed, 
which  is  rapidly  re-converted  into  hydroxyjuglone  in  the  air. 

It  dyes  mordanted  cloth  faintly,  as  does  also  hydroxynaphtho- 
quinone,  whilst  juglone  produces  no  colour,  because,  according  to 
Kostanecki  only  those  quinones  which  contain  an  hydroxyl- 
group  in  the  ortho-position  to  a  quinone  oxygen  atom  are 
colouring  matters.2 

Sodium  hydroxyjuglone,  C10H4O2(OlSra)2,  crystallizes  in  brick- 
red  needles,  which  are  readily  soluble  in  water,  but  insoluble  in 
alcohol  and  concentrated  caustic  soda  solution. 

The  potassium  and  ammonium  salts  resemble  it  closely.  The 
calcium  salt  crystallizes  in  dark-red,  difficultly-soluble  needles, 
whilst  the  larium  salt  is  a  brownish-black,  amorphous  precipi- 
tate ;  the  silver  and  copper  compounds  are  carmine-red  coloured. 

Benzoylhydroxyjuglone,  C10H4O2(O.CO.C6H6)2,  is  formed  by  the 

action  of  benzoyl   chloride    on   the   sodium   salt,  and  separates 

from  a  hot  alcoholic  solution  in  small,  yellowish  white  granular 

crystals. 

i  Ber.  18,  463.  2  Ber.  22,  1347. 
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THE  AMIDO-DERIVATIVES  OF  NAPHTHALENE. 

a-AMIDONAPHTHALENE,  OR   a-NAPHTHYLAMINE,  C10HjNH2. 

2625  This  important  substance  was  discovered  by  Zinin,1  who 
obtained  it  by  reducing  nitronaphthalene  with  ammonium 
sulphide,  and  named  it  naphthalidam  (Pt.  III.,  p.  195).  Tina 
then  observed  it  as  a  decomposition  product  of  thionaphthamic 
acid,  C10H7.NH.SO3H,  and  termed  it  naphthalidine?  after  which 
Bechamp  showed  that  it  can  easily  be  obtained  by  heating  nitro- 
naphthalene with  iron  filings  and  acetic  acid.3  When  it  was 
recognized  as  a  compound  ammonia  it  received  the  name  of 
naphthylamine,  by  which  it  is  still  known.  It  can  also  be 
prepared  from  a-naphthol  by  heating  this  to  270°  with  ammonium 
acetate  ;  acetonaphthalide  is  formed,  from  which  the  base  is 
obtained  by  heating  with  dilute  acids  or  alkalis.4  A  certain 
amount  of  dinaphthylamine,  (C10H7)2NH,  is  also  formed  in  this 
reaction,  and  is  obtained  in  small  quantity,  together  with  a  large 
amount  of  a-naphthylamine  when  a-naphthol  is  heated  with 
four  parts  of  calcium  chloride  ammonia,  containing  water,  for 
eight  hours  to  270°.6  a-Naphthylamine  is  also  formed  in  small 
quantity  when  aniline  hydrochloride  is  heated  with  mannitol  to 
200 — 240°,6  and  Canzoneri  and  Oliveri  have  obtained  it  by 
heating  an  intimate  mixture  of  pyromucic  acid,  lime,  zinc 
chloride,  and  aniline  for  twelve  hours  to  300°.  The  pyromucic 
acid  is  decomposed  into  carbon  dioxide  and  furfuran,  which  then 
acts  upon  the  aniline  in  the  following  manner : 7 

NH2  NH2 


i 


CH  C                      HC  C 

HC      \  HC      CH        HC      C      CH 

I           O  +       II       I  =       I        II        I       +  H20. 

HC        /  HC      CH        HC      C      CH 


CH  CH  HC  CH 

On  the  large  scale  it  is  manufactured  by  heating  equal  parts  of 
a-nitronaphthalene  and  water  to  80°,  adding  one  part  of  fine  iron 

1  Annalcn,  44,  283.  2  Annalen,  78,  31.  s  Annalcn,  92,  401. 

1  Calm,  Ber.  15,  615.  5  Benz,  Bar.  16,  14.         «  Benz,  Bcr.  18,  383  R. 

7  Gazzetta,  16,  486. 
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turnings  to  the  stirred  mixture  and  starting  the  reaction  by  the 
addition  of  a  small  quantity  of  hydrochloric  acid.  The  product 
is  distilled  with  lime  and  the  crude  base  rectified  from  iron 
cylinders.1 

a-Naphthylamine  is  only  very  slightly  soluble  in  water,  readily 
in  alcohol  and  ether;  it  crystallizes  in  flat,  silky  needles  or 
plates,  and  from  hot  aniline  in  prisms,2  has  a  characteristic 
unpleasant  smell,  and  a  sharp,  bitter  taste.  In  the  air  it 
becomes  coloured  red  to  dark -violet ;  it  melts  at  50°,  boils  at 
300°,  and  forms  salts  which  crystallize  well  and  colour  pine  wood 
a  deeper  yellow  than  those  of  aniline.  Oxidizing  agents  such  as 
ferric  chloride,  chromic  acid,  &c,  produce  in  solutions  of  its  salts 
an  azure-blue  precipitate  of  naphthameine  or  oxynaphthamine, 
C10H9NO,  which  soon  becomes  purple.3  A  small  amount  of 
alcohol,  containing  nitrous  acid,  produces  a  yellow  colouration  in 
a  solution  of  the  base  in  alcohol  or  glacial  acetic  acid.  If 
hydrochloric  acid  be  now  added,  a  magenta  or  deep  violet- 
red  colouration  is  produced,  the  hydrochloride  of  azo-amido- 
naphthalene  being  formed ;  when  only  a  small  quantity  of 
naphthylamine  is  present,  the  colouration  is  only  a  faint  red.4 
On  boiling  with  chromic  acid,  a-naphthoquinone,  phthalic  acid 
and  a  brown  insoluble  substance  are  formed.5  a-Naphthylamine 
is  employed  in  the  manufacture  of  colouring  matters. 

a-Naphthylamine  hydrochloride,  C10H7.NH3C1,  crystallizes  from 
hot  water  in  long,  fibrous  needles,  resembling  asbestos,  and  from 
alcohol  in  lustrous  scales,  which  are  readily  soluble  in  ether,  but 
only  sparingly  in  concentrated  hydrochloric  acid,  and  sublime  at 
200°.  When  platinum  chloride  is  added  to  its  alcoholic  solution, 
a  brownish-yellow,  crystalline  precipitate  of  (C10H10N)2PtCl6  is 
formed,  which  is  slightly  soluble  in  water,  and  even  less  readily 
in  alcohol  and  ether  (Zinin). 

a-Naphthylamine  sulphate,  (C10H7.NH3)2SO4  +  2H20,  is  spar- 
ingly soluble  in  cold  water  and  alcohol,  readily  in  hot  alcohol, 
and  crystallizes  in  silvery  scales,  which  become  coloured  red.  in 
the  moist  state. 

a-Naphthylamine  nitrate,  C10H7.NH3.NO3,  is  obtained  by 
dissolving  the  base  in  pure  dilute  nitric  acid,  and  crystallizes  in 
lustrous  scales. 

1  Schultz,  SteinkoUenthecr,  1,  362.  2  Ballo,  Ber.  3,  288. 

3  Piria,  Annalen,  78,  64 ;  Schiff,  Annalen,  101,  92 ;  129,  255. 

4  Monet,  Reverdin  and  Nolting,  Ber  12,  2305. 

5  Liebermann,  Annalen,  183,  265. 
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a-Naphthylamine  oxalate,  (C10H7.NH3)2C2O4,  crystallizes  in 
narrow,  lustrous  plates,  whilst  the  acid  salt,  C10H9N.C2H2O4, 
forms  dull  white  aggregates. 

a-Naphthylamine  phenate,  C10H7.NH2  +  C6H6.OH,  crystallizes 
from  light  petroleum  in  needles,  melting  at  300.1 


SECONDARY    AND   TERTIARY  a-NAPHTHYL- 
AMINES. 

2626  Methyl-a-naphthylamine,  C10H7.NH.CH3,  is  formed,  to- 
gether with  a-dinaphthylamine,  when  methyl  chloride  is  passed 
into  a-naphthylamine  heated  to  150—180°.  The  product  is 
extracted  with  ether  and  the  ethereal  solution  shaken  with 
dilute  sulphuric  acid,  which  dissolves  the  methyl  base  and  forms 
insoluble  naphthylamine  sulphate  with  any  unattacked  base,  the 
dinaphthylamine  being  left  in  the  ethereal  solution.  It  is  a  red 
liquid  which  boils  at  293°,  and  becomes  darker  and  opaque  in 
the  air.2 

Dimethyl-a-naphthylamine,  C10H7N(CH3)2,  is  obtained  by 
heating  a-naphthylamine  with  methyl  iodide  and  wood  spirit 
to  100°  (Landshoff ),  as  well  as  by  heating  the  hydrochloride  to 
180°  with  methyl  alcohol.3  It  is  a  colourless  liquid,  which  is 
very  strongly  refractive,  becomes  brown  in  the  air,  fluoresces  like 
petroleum,  has  a  faint  odour,  resembling  that  of  dimethylaniline,4 
and  boils  at  274"5°  (711  mm.).  Ferric  chloride  imparts  a  purple- 
red  colour  to  the  alcoholic  solution,  which  changes  to  violet  in  the 
air.     Its  sulphate  and  hydrochloride  are  readily  soluble. 

Trimethyl-a-naphthylammonium  iodide,  NCl0H7(CH3)3I,  is 
formed  when  the  tertiary  base  is  heated  to  100°  with  methyl 
iodide,  and  crystallizes  in  flat,  faint  yellowish-green  needles, 
which  decompose  into  the  constituents  at  164°.  The  hydroxide 
is  a  strongly  alkaline,  deliquescent  mass. 

Mhyl-a-naphihylamine,  C10H7NH.G2H3.  The  hydrobromide 
of  this  base  was  obtained  by  Limpricht,  by  the  action  of  ethyl 
bromide  on  naphthylamine,  in  reddish  nodular  aggregates,  which 
yielded  naphthylamine  on  treatment  with  caustic  potash.6  Schiff 

1  Dyson,  Journ.  diem,.  Soc.  1883,  1,  466. 

2  Landshoff,  Ber.  11,  638.  3  Hantzsch,  Ber.  13,  1348. 

4  Friedlander  and  Welmans,  Ber.  21,  3125  ;  Bamberger  and  Hellwig,  Ber.  22, 
1315.  '  6  Annalen,  99,  117. 
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then  prepared  the  hydriodide,  which  crystallizes  in  four-sided 
prisms.1  He  also  failed  to  isolate  the  base  which  was,  how- 
ever, prepared  by  Bernthsen  and  Trompetter  by  the  action  of 
zinc  dust  and  hydrochloric  acid  on  thio-acetonaphthalide, 
C10H7N(CS.CH3)H ;  these  chemists,  however,  did  not  further 
examine  it,  but  converted  it  into  the  hydrochloride  and  platino- 
chloride.2  According  to  Bamberger  and  Hellwig,  ethyl-a- 
naphthylamine  is  a  liquid  which  rapidly  becomes  coloured  in 
the  air,  and  appears  brownish-red  by  transmitted  light,  but  steel 
blue  by  reflected  light ;  on  heating,  this  dichroism  disappears 
and  the  colour  changes  from  dark  cherry-red  to  light-orange. 
It  boils  at  303°  (722-5  mm.).3 

Diethyl-a-naphthylamine,  C10Hr.N(C2H6)2,  can  easily  be  pre- 
pared by  heating  a-naphthylamine  with  the  calculated  quantity 
of  caustic  soda,  ethyl  bromide,  and  some  water  to  100 — 120°. 
It  is  a  colourless,  transparent,  oily  liquid,  which  becomes  brown 
in  the  air,  is  strongly  refractive,  and  boils  at  283 — 285°.  Its 
sulphate  is  readily  soluble,  and  crystallizes  in  well-developed, 
thick  prisms.4 

Triethyl-a-naphthylammonium  bromide,  N(C10H7)(C2H6)3Br,  is 
formed  in  small  quantity  together  with  the  tertiary  base,  and 
crystallizes  from  water  in  silky  plates.  When  sulphuric  acid  and 
potassium  ferrocyanide  are  added  to  its  aqueous  solution,  a 
precipitate  is  formed,  from  which  ammonia  separates  diethyl- 
naphthylamine.5 

Triethyl-a-naphthylammonium  iodide,  N(C10H7)(C2H6)3I,  forms 
well-developed  cube-shaped  crystals  (Friedlander  and  Welmans). 

Ethylene-a-naphthylamine,  (C10H7NH)2C2H4,  is  obtained  when 
naphthylamine  is  boiled  with  ethylene  bromide  and  benzene,  and 
forms  crystals,  which  melt  at  127°  and  are  sparingly  soluble  in 
alcohol,  more  readily  in  absolute  alcohol,  and  readily  in  ether. 
The  sulphate,  C22H20N2SO4H2,  is  only  very  slightly  soluble  and 
forms  microscopic  crystals,  which  have  a  strong  silvery  lustre.6 

Phenyl-a-naphthylamine,  C10H7.NH.C6H6,  is  formed  when  a- 
naphthylamine  is  heated  to  240°  with  aniline  hydrochloride  7  and 
when  one  molecule  of  a-naphthol  is  heated  to  280°  with  two 
molecules  of  aniline   and   one  molecule  of  calcium  chloride.8 

*  Annalcn,  101,  90.  2  Ber.  11,  1761.  3  Ber.  22,  1312. 

4  Friedlander  and  Welmans,  Ber.  21,  3123. 

5  B.  K.  Smith,  Journ.  Chtm.  Soc.  1882,  1,  180.         6  Eeuter,  Ber.  8,  23. 

7  Girard  and  Vogt,  Bull  Soc.  CMm.  18,  68 ;  Streif,  Annalen,  209,  151. 

8  Friedlander,  Ber.  16,  2075. 
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It   crystallizes  from  alcohol   in   colourless   needles   or  prisms, 

melts  at  62°,  and  boils  at  335°  under  a  pressure  of  258  mm. 

Its   alcoholic    solution  shows   a  blue  fluorescence,   whilst    its 

solution  in  sulphuric  acid  which  contains  nitric  acid  is  coloured 

blue,  biit  changes  on  heating  to  green  and  then  to  brown.     It 

is  insoluble  in  dilute  acids,  but  when  hydrochloric  acid  is  passed 

into   its  alcoholic   solution   the  hydrochloride  separates  out  in 

prisms,  which  are  decomposed  by  water. 

Phenyl-a-naphthylnitrosamine,   C10H7N(C6H5)NO,   is    formed 

when  an  acetic  acid  solution  of  phenyl-a-naphthylamine  is  shaken 

with  powdered  sodium  nitrite  and  the  mixture  allowed  to  stand 

in  a  cool  place.     It  crystallizes  from  methyl  alcohol  in   faint, 

yellowish-red  tablets  or  prisms,  melting  at  92°.x 

Melting-point. 
o-Tolyl-a-naphthylamine,  C10H7NH.C6H4.CH3,  long, 

flat  needles 94—95° 

p-Tolyl-a-naphthylainine,2  C10H7NH.CCH4.CH3, 

short  prisms 78° 

Benzylnaphthylamine,8  C10H7NH.CH2.C6H5,  brown, 

lustrous  scales 66 — 67° 

Cholesterylnaphthylamine,4   C10H7NH  C26H43, 

crystals 202° 

p-Phenylene-a-naplithylamine,  (C10H7.NH)2C6H4,  is  obtained 
by  heating  a-naphthol  with  jD-diamidobenzene  to  200°,  and 
crystallizes  from  aniline  in  small  white  plates,  which  melt  at 
235°,  and  are  almost  insoluble  in  boiling  alcohol,  ether,  or 
benzene.  Its  solution  in  concentrated  sulphuric  acid  is  coloured 
greenish  violet,  and  then  deep  blue  by  potassium  nitrite.  It 
unites  with  picric  acid  to  form  the  compound  (C10H7NH)2C6H4 
+  2C6H3(N02)20,  which  crystallizes  in  small,  black,  lustrous 
needles,  is  sparingly  soluble  in  alcohol,  but  freely  in  hot  ben- 
zene, and  melts  at  217°  with  evolution  of  gas.  When  the  base 
is  heated  to  140°  with  methyl  iodide  and  wood  spirit,  p- 
plunyhnemethylnaphthylamine,  (C10H7.NCH3)2C6H4,  is  formed. 
This  substance  crystallizes  from  hot  benzene  in  small  white 
plates,  melting  at  180°.5 

a-Dinaphthylamine,  (C10H7)2NH,  was  first  prepared  by  Girard 

1  0.  Fischer  and  Hepp,  Bcr.  20,  1247. 

2  Friedlander,  Ber.  16,  2075. 

s  Frote  and  Tommasi,  Bull.  Soc.  Chim.  20   67. 

4  Wallitzky,  Bcilstcin's  Eandb.  2,  397. 

5  Ruoff,  Bcr.  22,  1080 
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and  Vogt  by  heating  a-naphthylamine  with  its  hydrochloride.1 
As  already  mentioned,  it  is  also  formed  when  a-naphthylamine 
is  heated  with  methyl  chloride.  On  heating  a  mixture  of  10 
parts  a-naphthol,  13  parts  sodium  acetate,  and  3  parts  ammonium 
chloride  for  8  hours  to  270°,  31  per  cent,  of  dinaphthylamine 
and  25  per  cent,  of  naphthylamine  are  formed.2  It  may  also  be 
obtained  by  heating  a-naphthol  with  a-naphthylamine  and 
calcium  chloride.3 

It  is  insoluble  in  water,  moderately  soluble  in  alcohol,  and 
readily  in  ether,  crystallizes  in  quadratic  plates,  melting  at  111°, 
and  boils  at  310 — 315°  (15  mm.).  Its  alcoholic  solution  is 
coloured  green  by  ferric  chloride ;  sulphuric  acid  dissolves  it, 
forming  a  yellow  solution  which  becomes  green  on  heating, 
whilst  dilute  acids  and  even  concentrated  hydrochloric  acid  only 
dissolve  it  to  a  very  slight  extent.  It  forms  with  picric  acid  the 
compound  C20H15N  +  2C6H3(N02)30,  which  crystallizes  in  small 
black  needles,  melting  at  168 — 169°  (Benz). 

a-Dinaphihylnitrosamine,  (C10H7)2]Sr(NO),  is  a  yellow  crystal- 
line powder,  which  melts  at  260 — 262°  with  decomposition,  and 
is  only  slightly  soluble  in  water  and  alcohol  (Landshoff). 


a-NAPHTHALIDES. 

2627  a-Formylnaphthalide,  C10HY.NH.COH,  was  obtained  by 
Zinin,  together  with  oxalnaphthalide  by  heating  acid  naphthyl- 
amine oxalate  to  200°.4  It  is  also  readily  formed  when  a- 
naphthylamine  is  boiled  with  aqueous  formic  acid,  and  crystal- 
lizes from  boiling  water,  in  which  it  is  moderately  soluble,  in  silky 
needles,  melting  at  138-5°.5 

a-Acetonaphthalide,  or  a-Naphihylacetamide,  C10H7NH.CO.CH3, 
is  obtained  when  a-naphthylamine  is  heated  for  some  time  with 
glacial  acetic  acid,6  and  when  a-naphthol  is  heated  with  am- 
monium acetate  (p.  144).  It  is  insoluble  in  cold  water,  some- 
what soluble  in  hot  water,  and  readily  in  alcohol,  and  crystallizes 
in  silky  needles,  which  melt  at  159°,  and  sublime  in  very  delicate 


1  Bull.  Soc.  Chim.  19,  68.  2  Calm,  Ber.  15,  609. 

3  Benz,  Ber.  16,  17.  "  Annalen,  108,  229. 

5  Tobias,  Ber.  15,  2443. 

«  Rother,  Ber.  4,  850 ;  Andreoni  and  Biedermann,  Ber.  6,  342 ;   Tommasi, 
Bull.  Soc  Chim.  20,  19  ;  Dittler  and  Liebermann,  Annalen,  183,  229. 
310 
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thread-like  forms,  resembling  the  finest  silk  fibres.  It  is  not 
attacked  by  boiling  hydrochloric  acid,  but  is  decomposed  by 
continued  heating  with  caustic  potash  solution. 

a-Acetometliylnaphthalide,  C10H7N(CO.CH3)CH3,  is  formed 
when  a-methylnaphthylamine  is  boiled  with  acetic  anhydride, 
and  crystallizes  from  hot  water  in  small  prisms,  melting  at 
90— 91°.x 

a-Acetophenylnaphthalide,  C10H7N(CO.CH3)C6H5,  is  prepared 
by  heating  phenylnaphthylamine  with  acetic  anhydride,  and  forms 
indistinct  crystals,  which  melt  at  115°  (Streiff ). 

p-Phenylene-a-acetonaphthalide,  (C10H7N.CO.CH3)2C6H4,  forms 
white  plates,  melting  at  210°  (Ruoff ). 

a-Dinaphthylacetamide,  (C10HY)2N.CO.CH3,  crystallizes  from 
alcohol  in  stellate  aggregates  of  small,  yellowish  needles,  melting 
at  217°  (Benz). 

a-TMo-acetonaphf,halide  is  formed  when  ethenylnaphthyl- 
amidine  is  heated  with  carbon  disulphide  : 2 

NH  S 

CH3.Cf  +  CS„  =  CH3.cf  +  CNSH. 

\NH.C10H7  '  \NH.C10H7 

It  may  be  more  simply  obtained  by  melting  a-acetonaphthalide 
with  phosphorus  pentasulphide.3  It  crystallizes  from  alcohol  in 
well-developed  white  tablets,  which  melt  at  110 — 111°. 

Like  thio-acetanilide,  it  behaves  in  many  reactions  as  the 
tautomeric  mercaptan  : 


CHQ.C< 

;10-l-Lj. 


3'    ^N.ClnH, 


a-Benzonaphthalide,  C10H7.NH(CO.C6H5),  is  obtained  by  the 
action  of  benzoyl  chloride  on  a-naphthylamine,4  and  also  by 
heating  the  latter  with  benzoic  acid.5  It  crystallizes  from  alcohol 
in  needles,  melting  at  159—160°. 

a-Thiobenzonaphthalide,  C10H7.NH(CS.C6H6),  is  prepared  in  a 
similar  manner  to  the  thio-acetyl  compound,  and  resembles  it  in 

1  Landshoff,  Ber.  H,  634. 

2  Bernthsen  and  Trompetter,  Bcr.  10,  1756. 

3  Jacobson,  Ber.  20,  1895. 

4  Church,  Chem.  News,  5,  324 ;  Ebell,  Annalen,  208,  324. 

5  Hofmann,  Ber.  20,  1798. 
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properties.  It  crystallizes  from  alcohol  in  yellowish  needles,  and 
melts  at  147'5— 148-5°  (Bernthsen  and  Trompetter ;  Jacobson). 

a-Benzonaphthalidimidochloride,  C10H7N=CC1.C6H5,  is  formed 
by  the  action  of  phosphorus  chloride  on  a-benzonaphthalide  : 

C10H7N(CO.C6H6)H  +  PC15  =  C10H7N=CC1.C6H5  + 
HC1  +  POCL,. 

It  crystallizes  from  light  petroleum  in  large,  colourless  plates, 
melts  at  60°,  and  is  converted  by  sodiomalonic  ester  into  ethyl 
a-naphthylaminehenzenylmalonate,  C10H7.N— C(C6H5)CH(C02. 
C2H6)2,  which  crystallizes  from  alcohol  in  large,  hard,  strongly 
refractive,  obtuse-angled  crystals,  melting  at  145-5°.  On  heating 
with  dilute  hydrochloric  acid  to  120°,  acetophenone  and  a- 
naphthylamine  are  obtained : l 

C10H7.N=C<  +  3H20 

\CH(C02.C2H6)2 

O  TT 
=  C10H7.NH2  +  CO^   "    5  +  2C02  +  2HO.C2H5. 
XCH3 

a-Nwphihylglycocoll,  C10H7.NH.CH2.CO2H,  is  formed  on  heat- 
ing a-naphthylamine  with  chloracetic  acid  and  sodium  acetate, 
and  crystallizes  from  alcohol  in  needles,  which  melt  at  198 — 
199°.2  When  heated  to  230°,  it  forms  the  anhydride,  (C^H^. 
NH.CH2.CO)20,  which  crystallizes  in  lustrous  scales,  melting  at 
268—269°,  whilst  acetylnaphthylglycocoll,  C10H7.N(CO.CH3)CH2 
C02H,  is  obtained  by  heating  the  glycocoll  with  acetic  anhydride, 
and  crystallizes  from  water  in  white  prisms,  which  melt  at  154°, 
and  have  an  acid  reaction. 

a-Naphthylglycocoll  is  converted  by  nitrous  acid  into  an 
exceedingly  unstable  nitroso-derivative.3 

a-Naphthylimidodiacetic  acid,  C10H7N(CH2.CO2H)2,  is  formed 
when  a-naphthylglycocoll  is  heated  to  140°  for  two  hours  with  one 
molecule  of  chloracetic  acid  and  1^  molecules  of  sodium  carbon- 
ate. It  is  readily  soluble  in  alcohol  and  glacial  acetic  acid, 
sparingly -in  light  petroleum  and  benzene,  from  the  last  of  which 
it  separates  in  crystals  containing  one  molecule  of  benzene,  which 

1  Just,  Ber.  19,  979. 

2  Bischoff  and  Nastvogel,  Ber.  22,  1807 ;  Forte,  Ber.  22,  731  c. 

3  Jolles,  Ber.  22,  2372. 
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is  lost  at  100°.  The  pure  acid  melts  at  133 — 133'5°,  with  evolution 
of  gas.  Ferric  chloride  colours  its  solutions  red,  brown,  and 
on  heating  green.1 

On  heating  with  naphthylamine  to  140",  the  mono-  and  di- 
naphthalides  of  this  acid  are  obtained. 

Themowowap^AaH*,C10H7N(CH2.COOH)CH2.CO.NH.C10H7, 
is  soluble  in  benzene  and  alcohol,  melts  at  197 — 199°,  and 
dissolves  in  alkalis. 

The  dinaphthalide,  C10H7N(CH2.CO.NC10H7)2,forms  colourless 
crystals,  melting  at  200—202°. 

a-  Oxalonaphthalide,  (C10H7.NH)2C2O2,  is  insoluble  in  water,. 
and  crystallizes  from  boiling  alcohol,  in  which  it  is  only  slightly 
soluble,  in  small  scales,  which  melt  at  about  200°,  and  on  further 
heating  decompose  into  carbonic  oxide  and  dinaphthyl  urea.  It 
is  scarcely  attacked  by  dilute  caustic  potash  solution,  but  is 
decomposed  by  a  concentrated  solution  on  heating  (Zinin). 

a-Naphthyloxamic  acid,  C10H7.NH.C2O2.OH,  is  obtained  when 
naphthylamine  is  heated  to  100°  with  ethyl  oxalate  and  a  little 
alcohol  : 

CO.OC2Hs 

|  +  2C10H7.NH2  +  H20 

CO.OC2H5 

CO.NH.C10H7 
=   |  +  2C2H\.OH. 

CO.O.NH3.C10H7 

The  naphthylamine  salt  thus  obtained  crystallizes  in  white 
needles,  melting  at  154° ;  when  its  solution  in  hot,  very  dilute 
hydrochloric  acid  is  allowed  to  cool,  the  free  acid  separates  in 
fascicular  groups  of  needles,  which  decompose  and  froth  up  on 
heating. 

Ethyl  a-naphthyloxamate,  C^llj.T^IL.Cfi^OG^,  is  formed 
when  naphthylamine  and  ethyl  oxalate  are  heated  together 
without  alcohol,  and  crystallizes  in  fascicular  groups  of  needles, 
melting  at  106°.2 

a-Succinonaphthalide,  (C10H7.NH.CO)2C2H4,  is  obtained,  to- 
gether with  the  compound  next  to  be  described,  by  heating 
naphthylamine  to  190°  with  succinic  acid.  It  is  scarcely  soluble 
in  alcohol,  and  crystallizes  from  glacial  acetic  acid  in  delicate 
needles,  melting  with  decomposition  at  285°.3 

1  Bisctoff,  Hausdorfer,  Leykin,  Bcr.  23,  2003. 

2  Ballo,  Bcr.  6,  247.  3  Hubner,  Annalcn,  209,  381. 
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a-SvAcinonaphthil  or  a-Naphihylsuccinimide, 


c10h7n/     >c2h4) 


is  also  formed  when  succinic  acid  is  heated  to  200°  with  1 : 4- 
naphthylaminesulphonic  acid,1  C10H6(NH2)SO3H,  and  crystallizes 
from  boiling  water  in  coarse  lustrous  needles,  which  melt  at  153°, 
and  are  volatile  without  decomposition. 

a-Naphthylsuccinamic  acid,  C10H7.NH.CO.C2H4.CO.2H,  is  pre- 
pared by  dissolving  succinonaphthil  in  caustic  potash  solution, 
and  crystallizes  from  alcohol  in  flat  needles,  which  melt  at 
171°,  and  on  further  heating  are  converted  into  the  preceding 
compound. 

Malo-a-dinaphthalide,  C10H7NH.CO.CH.CHOH.CONHC10H7, 
is  prepared  by  heating  malic  acid  with  naphthylamine.  It  can 
be  recrystallized  from  alcohol,  and  melts  at  205°.  On  treatment 
with  acetic  anhydride  it  yields  an  acetyl  derivative  melting  at 
223— 224°.2 

Citracon-a-naphthalide  or  a-hraphthylcitraconimide, 

/C0\ 
C^H^N^  /C3H4,  is  obtained  by  heating  equal  molecules  of 

X3CK 

citraconic  acid  and  a-naphthylamine  to  140 — 150°;  it  crystallizes 

in  yellow  plates  or  small,  honey-yellow,  rhombic  tablets,  melting 

at  142— 143°.3 

/CO.NHC10H7        Melting- 

a-Citrodinaphthylamic  acid,  HO.C»H4— CO.NHC10H7        pom  ' 

\CO.OH 

small  needles 149 

a-Citrotrinaphthylamide,  HO.C3H4(CO.NH.C10H7)3, 

microscopic  prisms 129 

/CO.NH.C^Hy 
a-Citrodinaphthylamidimide,  HO.C3H4— CCL  -^  q   -g-  , 


six-sided  plates 


4  .     . 194° 


a-Naphthylamido-m-nitrolenzoic     acid,     C10H7NH.C6H3(NO2) 
C02H,  is  formed  when  a-naphthylamine  is  heated  with^-bromo- 

1  Pellizzari  and  Matteucci,  Chem.  Oentralbl.  59,  1000. 

2  Bischoff  and  Nastvogel,  Ber.  23,  2046. 

3  Morawski  and  Gliiser,  Monatsh.  Chem.  9,  284. 
*  Hecht,  Ber.  19,  2616. 
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m-nitrobenzoic  acid  as  a  reddish-brown  amorphous  powder.  The 
ethyl  ester  crystallizes  from  alcohol  in  reddish-brown  plates, 
melting  at  109°  On  reduction,  the  acid  yields  the  correspond- 
ing amido-acid,  which  crystallizes  from  dilute  alcohol  in  white 
needles,  decomposing  at  90.1 


a-NAPHTHYLAMIDINES. 

2628  Ethenylnaphthylamidine,  CH3.C(NH)NH(C]0H7),  is  ob- 
tained by  heating  a-naphthylamine  hydrochloride  to  160 — 
170°  with  acetonitrile : 

NH 
CH3.CN  +  NH2.C10H7  =  CH3.Cf 

XNH.C10H7 

It  is  a  gummy,  elastic  mass,  which  is  insoluble  in  water,  but 
dissolves  readily  in  alcohol,  and  has  an  alkaline  reaction. 

Ethenylnaphthylamidine  hydrochloride,  C12H12N2,HC1,  crystal- 
lizes in  lustrous,  abrupt  prisms,  which  are  readily  soluble  in  water. 

Benzenylnaphthylamidine,  C6H6.C(NH)NH.C10H7,  is  formed 
when  a-naphthylamine  is  heated  to  200°  with  benzonitrile,  and 
crystallizes  from  alcohol  in  tablets  which  have  a  satin  lustre, 
melt  at  141°,  and  form  a  faintly  alkaline  solution  in  dilute 
alcohol. 

Benzenylnaphthylamidine  hydrochloride,  C17H14N2,HC1,  crystal- 
lizes in  white  prisms.2 


a-NAPHTHYLCARBAMIDES. 

2629  a-Naphthyl  urea,  CO(NH2)NH.C10H7,  was  prepared  by 
Schiff  by  passing  the  vapour  of  cyanic  acid  into  an  ethereal  solu- 
tion of  a-naphthylamine,3  whilst  Pagliani  obtained  it,  together 
with  dinaphthyl  urea,  by  heating  a-naphthylamine  hydrochloride 
to  150 — 160°  with  urea.4  It  crystallizes  from  hot  water  or 
alcohol  in  pliable,  flat,  lustrous  needles,  which  decompose  at  250° 
without  fusing. 

1  Heidensleben,  Ber.  23,  3457. 

2  Bernthsen  and  Trompetter,  Ber.  11,  1756. 

3  Annalm,  101,  90.  4  Ber.  12,  385. 
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a-Dinaphthyl  urea,  CO(NH.C10H7)2,  -was  first  obtained  by 
Delhos  by  heating  acid  naphthylamine  oxalate,  and  was  named 
by  him  naphthalidamcarbamide.1  Zinin  then  showed  that  the 
same  substance,  which  he  called  carbonaphthalide,  is  a  product 
of  the  decomposition  of  oxalonaphthalide,  which  is  first  formed.2 
It  is  slightly  soluble  in  alcohol,  from  which  it  crystallizes  in 
small  needles,  melting  with  decomposition  at  270°  (Pagliani). 

a-Ethyl  naphthylcarbamate,  CO(OC.2H6)NH.C10H7,  is  formed 
by  the  action  of  ethyl  chloroformate  on  a-naphthylamine.  It  is 
insoluble  in  water,  and  crystallizes  from  alcohol  in  needles, 
melting  at  79°.3 

a-Naphthyl  thio-urea,  CS(NH2)NH.C10H7,  is  obtained  by 
heating  a  solution  of  naphthylamine  hydrochloride  with  ammo- 
nium thiocyanate,  and  crystallizes  from  hot  alcohol  in  small, 
rhombic  prisms,  which  melt  at  1980.4 

a-NwpMhyl  allyl  thio-urea,  CS(NH.C3H6)NH.C101I7,  was  pre- 
pared by  Zinin  by  the  action  of  mustard  oil  on  a-naphthylamine.6 
It  forms  small  crystals,  melting  at  145°,  and,  like  other  allyl 
thio-ureas,  is  converted  by  heating  with  hydrochloric  acid  into 
the  basic  naphthylpropylene  pscudothio-urea  : 

N<£»=.  CH.-CH.S  C..H, 

X*<VCH=CH,  **.«'  XH 

This  substance  crystallizes  in  rhombic  tablets  melting  at  134° 
and  forms  a  picrate,  which  crystallizes  in  rectangular  needles, 
and  a  platinochloride,  which  is  an  orange  coloured   crystalline 

precipitate.6 

a-Naphthyl phenyl  thio-urea,  CS(NH.C6H5)NH.C10H7,  is  formed 
by  the  action  of  phenyl  mustard  oil  on  a-naphthylamine7  and  of 
aniline  on  a-naphthyl  mustard  oil.8  It  crystallizes  in  plates, 
which  are  only  slightly  soluble  in  alcohol  and  melt  at  158—159°. 
When  it  is  heated  to  150—160°  with  concentrated  hydrochloric 
acid,  all  four  of  the  substances  from  which  it  has  been  prepared 

are  formed.9 

a-Dinaphthyl    thio-urea,    CS(NH.C10H7)2,   was    obtained    by 
Delhos  by  boiling  a-naphthylamine  with  carbon  disulphide  and 
»  Annalen,  64,  370.         2  Annalen,  108,  228.        3  Hofmann,  Ber.  3,  657. 

*  Clermont  and  Wehrlin,  Bull.  Soc.  Chim.  26,  125. 

•  Annalen,  84,  346.  GaW  Ber  22   3000 

»  Hofmann,  Jahresb.  1858,  350.  8  Hall,  Jahresb.  1858,  350. 

9  Mainzer,  Bur.  15,  1414. 
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absolute  alcohol ; 1  according  to  Schiff  it  may  be  more  con- 
veniently prepared  by  heating  to  100°  without  the  addition  of 
alcohol.2  It  is  only  slightly  soluble  in  hot  alcohol  and  glacial 
acetic  acid,  and  crystallizes  in  strongly  lustrous  needles,  which 
melt  at  203°.s  On  boiling  with  alcoholic  potash  it  is  converted 
into  dinaphthyl  urea  (Delhos),  whilst  on  heating  with  benzene 
and  mercuric  oxide, a-carbodi7iaphthi/limide,C(l>lC10H.7)2,  is  formed. 
This  substance  crystallizes  from  a  mixture  of  benzene  and  ether 
in  large  prisms,  melting  at  93 — 94°,  is  converted  into  a-dinaphthyl 
urea  on  heating  with  dilute  alcohol,  and  combines  with  sul- 
phuretted hydrogen  to  form  the  original  dinaphthyl  thio-urea.4 


^-AMIDONAPHTHALENEor^-NAPHTHYLAMINE, 

C]0H7.]SfH2. 

2630  This  base  was  first  obtained  by  Liebermann  by  boiling 
1  :  2-bromonitronaphthalene  with  tin  and  hydrochloric  acid.5  It 
is  also  formed,  together  with  /3-dinaphthylamine,  when  /3- 
naphthol  is  heated  to  200 — 210°  with  zinc  chloride  ammonia.6 
The  same  products  are  obtained,  accompanied  by  /3-aceto- 
naphthalide,  by  heating  /3-naphthol  with  ammonium  acetate  to 
270 — 280°.7  Grabe  has  found  that  it  can  also  be  prepared  by 
acting  on  heated  /3-naphthol  with  gaseous  ammonia,8  and  this 
reaction  is  utilized  in  its  manufacture.  The  apparatus  consists  of 
three  iron  boilers,  which  will  withstand  a  considerable  pressure, 
and  are  connected  with  one  another  by  air-tight  joints.  The  gas 
is  evolved  by  heating  a  concentrated  solution  of  ammonia  con- 
tained in  the  first  vessel,  is  dried  by  caustic  lime  contained  in 
the  second,  and  in  ■  the  third  is  brought  into  contact  with 
/3-naphthol  heated  to  150 — 160° ;  the  conversion  proceeds 
gradually,  and  is  accompanied  by  a  diminution  of  the  pressure. 
After  60 — 70  hours  about  half  of  the  naphthol  has  been  con- 
verted into  the  base  and  the  operation  is  then  interrupted,  the 
naphthol  removed  by  caustic  soda,  and  the  /3-naphthylamine  ex- 
tracted from  the  product  by  dilute  hydrochloric  acid,  dinaphthyl- 

1  Annalen,  64,  370. 

2  Annalen,  101,  90  ;  see  also  Evers,  Ber.  21    962. 

3  Baeyer,  Ber.  12,  1860.  *  Huhn,  Ber.  19,  2404. 
5  Annalen,  183,  258.  6  Ber.  13,  3100. 

7  Merz  and  Weith,  Ber.  14,  2243  ;  Calm,  Ber.  15    613. 

8  Calm,  Ber.  13,  1349. 
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amine  which,  is  formed  more  abundantly  on  heating  longer  and 
more  strongly,  and  which  has  scarcely  basic  properties,  being 
left  behind.  According  to  a  simpler  process,  10  kilos,  of 
/3-naphthol  are  heated  with  4  kilos,  of  caustic  soda  and  4  kilos. 
of  ammonium  chloride  to  150 — 160°  for  60 — 70  hours.1 

It  is  also  abundantly  formed  when  /3-naphthol  is  heated  for 
two  hours  to  230 — 250°  with  calcium  chloride  ammonia  contain- 
ing water,  and  the  temperature  finally  raised  to  270-280°  for  six 
hours;  80  per  cent,  of /9-naphthylamine  and  12—13  per  cent  of 
/3-dinaphthylamine  are  thus  obtained,  and  these  are  then 
separated  from  one  another  and  from  unattacked  /3-naphthol  as 
described  above.2 

/3-Naphthylamine  is  slightly  soluble  in  cold,  readily  in  hot 
water,  alcohol  and  ether,  and  crystallizes  in  nacreous  plates 
melting  at  112'.  It  boils  at  299-5°,3  and  is  distinguished  from 
the  a-  compound  by  the  facts  that  it  is  odourless,  gives  no  charac- 
teristic reactions  with  oxidizing  agents  or  alcohol  containing 
nitrous  acid,  and  does  not  become  coloured  in  the  air.  Its 
aqueous  solution  shows  a  blue  fluorescence,  but  not  that  of  its 
salts. 

It  is  employed  for  the  manufacture  of  azo-colouring  matters. 

ft-Naphthylamine  hydrochloride,  C10H7.NH3C1,  crystallizes  in 
small  plates,  which  are  readily  soluble  in  water  and  alcohol,  but 
only  slightly  in  hydrochloric  acid.  The  platinochloride, 
(C10H7.NH3)2PtCl6,  forms  yellow  plates,  which  are  soluble  in 
cold  water. 

P-Naphthylamine  sulphate,  (C10H7.NH3)2SO4,  is  less  soluble 
than  the  a-compound,  and  crystallizes  from  hot  water  in 
fine  plates. 

P-Naphthylamine  picrate,  C10rI7N.C6H3(NO2)3O,  crystallizes 
from  alcohol  in  long  yellow  needles. 

P-Naphthylamine  silicon  chloride,  (C10H7NH)2SiCl2,  is  formed 
when  silicon  chloride  is  added  to  a  solution  of  /3-naphthylamine 
in  benzene,  naphthylamine  hydrochloride  separating  out  as  a 
very  voluminous  precipitate.  On  evaporating  the  filtrate,  the 
compound  is  obtained  as  a  white  powder,  which  decomposes 
without  fusing  when  heated.4 

1  Sehultz,  Steinkohlentheer,  1,  364. 

2  Benz,  Ber.  16,  8. 

3  Bamberger,  Ber.  22,  772. 

4  Harden,  Jon.ru.  Chem.  Soc.  1887.  1,  45. 
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SECONDARY  AND  TERTIARY  /3-NAPHTHYL- 
AMINES. 

2631  Dimethyl- fi-naphthylamine,  C10H7.N(CH3)2,  was  ob- 
tained by  Hantzsch  by  heating  /3-naphthol  with  commercial 
trimethylamine,  containing  methylamine,  to  200°,  and  treating 
the  product  with  methyl  iodide ;  the  hydroxide  prepared  from 
the  trimethylnaphthylammonium  iodide  thus  obtained  decom- 
poses on  dry  distillation  into  methyl  alcohol  and  dimethyl-/?- 
naphthylamine.1  According  to  Bamberger  and  Miiller,  it  is 
better  to  prepare  the  ammonium  iodide  by  heating  /3-naphthyl- 
amine  to  120°  with  methyl  iodide,  caustic  soda  and  water,  and 
to  decompose  it  by  distillation  with  potash.2  Dimethyl-/3- 
naphthylamine  is  a  crystalline  mass,  melts  at  46°,  and  boils  at 
305°.  Its  salts  are  readily  soluble,  with  the  exception  of 
the  platinochloride,  which  is  only  slightly  soluble  even  in 
boiling  alcohol. 

Triinethyl-^-naphthylammonium  iodide,  C,0H7(CH3)3NI,  crys- 
tallizes in  thin  plates  with  a  satin  lustre  or  silver-white  tablets, 
which  have  a  bitter  taste  and  are  sparingly  soluble  in  cold 
water  and  alcohol.  Its  hydroxide  solidifies  in  vacuo  to  a 
crystalline,  strongly  alkaline,  but  not  very  caustic  mass. 

Mhyl-j3-naphthylamine,  C10H7(NH.C2H5),  is  an  oily  liquid, 
which  distils  at  305°  (716  mm.) 3  and  does  not  solidify  in  a 
freezing  mixture.  Its  hydrochloride  crystallizes  from  hot  water 
in  elegant  plates,  which  melt  at  235°,  and  volatilize  on  further 
heating  almost  without  decomposition. 

Ethyl-fi-naphthylnitrosamine,  C10H7.N(NO)C2H6,  forms  colour- 
less crystals,  melting  at  56°.4 

Diethyl-fi-naphthylamine,  C10H7N(C2H6)2,  is  a  viscid,  oily 
liquid  which  rapidly  becomes  brown  in  the  air ;  the  colouration 
disappears  on  heating  but  returns  on  cooling.  It  boils  at  316° 
under  a  pressure  of  717  mm. 

Diethyl-/3-naphthylamine  hydrochloride,  C10H7N(C2H5)„HC1, 
separates  out  when  hydrochloric  acid  is  passed  into  a  solution  of 
the  base  in  anhydrous  ether,  in  the  form  of  elongated  six-sided 
microscopic  tablets,  whilst  on  the  evaporation  of  the  aqueous 

1  Ber.  13,  2053.  2  Bcr_  ^  1306. 

3  Bamberger  and  Miiller,  Ber.  22,  1297. 

4  Henriques,  Ber.  17,  2668  ;  Fischer  and  Hepp,  Ber.  20,  1247. 
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solution  it  is  usually  left  as  a  viscid  syrup,  which  soon  solidifies 
to  groups  of  needles,  resembling  wavellite.  It  is  decomposed 
by  heated  lime  into  /3-naphthylamine  and  a  combustible  gas, 
which  Bamberger  and  Williamson  consider  to  be  butylene,1  but 
which  is  probably  ethylene. 

Phenyl- ft-naphthylamine,  C10H7NH.C6H5,  is  formed  when 
/S-naphthol  is  heated  with  aniline  hydrochloride,2  or  zinc  chloride 
aniline.3  It  is,  however,  best  prepared  by  heating  a  molecule 
of  /3-naphthol  with  two  molecules  of  aniline  and  one  molecule 
of  calcium  chloride  for  nine  hours  to  280°.*  It  is  freely  taken 
up  by  the  usual  solvents  at  their  boiling-points,  sparingly  in  the 
cold,  and  crystallizes  from  hot  methyl  alcohol  in  hard,  colourless, 
rhombic  needles,  which  melt  at  108°.  Its  solutions  show  a 
blue  fluorescence.  It  boils  at  395°,  and  is  decomposed  into 
aniline  and  /3-naphthol  when  heated  to  240°  with  concentrated 
hydrochloric  acid.  If  hydrochloric  acid  be  passed  into  its 
solution,  the  hydrochloride  separates  as  a  snow-white,  crystalline 
powder,  which  is  decomposed  by  water.  Its  picrate  forms 
brownish  needles,  which  decompose  in  moist  air. 

Phenyl-fi-naphthylnitrosamine,  C10H7N(NO)C6H5,  is  obtained 
when  amyl  nitrite  is  added  to  a  solution  of  the  base  in  benzene 
and  crystallizes  in  yellow  prisms  melting  at  93°.5 

Melting-point. 
o-Tolunaphthylaimne,  C10H7N(C6H4.CH3)H, 

small  plates 95—96° 

jj-Tolunaphthylamine,  C10H7NHC6H4.CH3, 

lustrous  plates  6 104° 

P-Dinaphthyl-p-diamidobenzene,  or  p-Phenylene-/3-naphlhyl- 
amine,  C6H4(NH.C10H7)2,  is  formed  when  ^-diamidobenzene 
is  heated  with  /3-naphthol  to  200°,  and  crystallizes  from  boiling 
aniline  in  plates,  melting  at  235°,  wjiich  are  insoluble  in  dilute 
acids.  Its  solution  in  concentrated  sulphuric  acid  is  coloured 
greenish-violet  and  then  deep-blue  by  sodium  nitrite.  When  it 
is  heated  with  a  solution  of  picric  acid  in  alcohol  the  compound 
C6H4(NH.C10H7)2  +  2C6H3(N02)30  is  formed,  which  crystallizes 
from  a  mixture  of  benzene  and  light  petroleum  in  lustrous  black 
needles.7 

l  Ber-  22    1760.  "  Merz  and  Weith,  Ber.  13, 1298. 

3  Grabe,  Ber.  13,  1849.  *  Friedlander,  Ber.  16,  2075. 

5  Streiff,  Annalcn,  209,  159. 

6  Merz  and  "Weith,  Ber.  14,  2843  ;  Witt,  Ber.  20,  578. 
*  Kueff,  Ber.  22,  1080. 
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jB-DhmpMhyl-m-diamidobenzene  is  prepared  in  a  similar  manner 
and  forms  violet,  matted  needles,  melting  at  1260.1 

fi-Diiiaphthylamine,  (C10H7)2NH.  The  preparation  of  this 
substance  has  already  been  mentioned  under  /3-naphthylamine. 
It  is  also  formed  when  hydrochloric  acid  is  passed  into  /3- 
naphthylamine  heated  to  170 — 190°,2  and  crystallizes  in  silvery 
plates,  melting  at  170'5°,  which  are  sparingly  soluble  in  boiling 
alcohol,  readily  in  boiling  glacial  acetic  acid  and  benzene  ;  its 
solutions  show  a  blue  fluorescence.  On  heating  to  240°  with 
hydrochloric  acid,  it  decomposes  into  /3-naphthol  and  /3-naphthyl- 
amine,  whilst  much  /3-naphthylamine  is  formed  when  it  is 
heated  to  370°  with  zinc  chloride  ammonia  and  ammonium 
chloride.3  Its  crystalline  hydrochloride  is  also  decomposed  by 
water,  and  it  forms  a  picrate  which  crystallizes  in  hair-like 
reddish-brown  needles,  melting  at  164 — 165°  (Benz). 

f3-Dinaphthylnitro$amine,  N(C10H7)2NO,  is  formed  when  the 
base  is  mixed  with  alcohol  and  sulphuric  acid  and  a  concentrated 
solution  of  sodium  nitrite  added ;  it  crystallizes  from  benzene 
in  white  fascicular  groups  of  needles,  which  become  brown  on 
heating,  and  melt  at  139— 140°.4 

Ris  has  also  prepared  the  following  compounds  : 

Melting-point. 

Methyl-/3-dinaphthylamine,  (C10H7)2NCH3,  needles    139—140° 
Ethyl-/3-dinaphthylamine,  (C10H7)2NC2H5,  needles        231° 

a-(3-Dinaphthylamine  is  not  obtained  when  a-naphthol  is 
heated  with  /3-naphthylamine,  the  product  being  in  this  case 
/3-dinaphthylamine ;  it  is,  however,  formed  when  y8-naphthol  is 
heated  to  280°  with  a-naphthylamine  and  calcium  chloride 
ammonia  containing  water.  It  crystallizes  in  prisms,  which 
have  a  vitreous  lustre,  melt  at  110 — 111°,  and  dissolve  readily 
in  hot  alcohol  and  benzene.  Its  picrate  crystallizes  in  small, 
brownish-black  needles,  melting  at  172 — 173°.5 

1  Ruhemann,  Ber.  14,  54.  2  Klopsch,  Bcr.  18,  1585. 

3  Ris,  Bcr.  19,  2016.  4  Ris,  Ber.  20,  2618. 

6  Benz,  Ber.  16,  17. 
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/3-NAPHTHALIDES. 

2632  fi-Formonaphthalide,  C10rI7NH.CHO,  is  formed  when 
/3-naphthylamine  is  heated  with  ethyl  formate  l  or  boiled  with 
formic  acid  ;2  it  crystallizes  in  plates,  melting  at  129°. 

fj-Acetonaphihalide,  C10H7.NH.CO.CH3,  is  obtained  together 
with  /3-dinaphthylamine  by  boiling  /3-naphthylamine  with  glacial 
acetic  acid,3  and  by  heating  /3-naphthol  to  270 — 280°  with 
ammonium  acetate  and  glacial  acetic  acid.4  It  crystallizes  from 
a  concentrated  alcoholic  solution  in  small  plates,  melting  at  132°. 
It  differs  from  the  a-compound  in  being  much  more  readily 
decomposed  by  dilute  acids  than  by  alkalis.5 

fi-Dinaphthylacetamide,  (C10H7)2N.CO.CH3,  is  formed  when 
/3-dinaphthylamine  is  heated  with  acetyl  chloride,  and  crystallizes 
from  a  mixture  of  benzene  and  light  petroleum  in  small  needles 
which  melt  at  114 — 115°. 

a-ft-Dinaphthylacetamide  forms  stellate  groups  of  thick  needles, 
melting  at  125°.6 

/3-Glycolyldinaphthalide,  C10H7.NH.CO.CH2NH.C10H7,  is  ob- 
tained by  heating  /3-naphthylamine  with  chloracetic  acid ;  it 
crystallizes  from  alcohol  in  light-yellow,  lustrous  plates,  which 
melt  at  170°  (Cosiner). 

fi-Thio-acetonaphthalide,  C10H7NH(CS.CH3),  is  prepared  by 
heating  /3-acetonaphthalide  with  phosphorus  pentasulphide,  and 
crystallizes  from  alcohol  in  needles,  which  on  standing  in  their 
mother-liquor  change  into  coarse  tablets  ;  both  of  these  modi- 
fications melt  at  145—146°.  It  is  possible  that  they  are  repre- 
sented by  the  tautomeric  formulae  : 7 

S  /SH 

c10h,.nh_c<CH!       C*N=<CH; 

1  Cosiner,  Ber.  14,  58. 

2  Liebermann  and  Jacobson,  Annalen,  211,  42. 

3  Cosiner  ;  Liebermann  and  Jacobson.  4  Merz  and  Weith,  Ber.  14,  2343. 
5  Calm,  Ber.  15,  612.  »  Benz,  Ber.  16,  19. 

7  Jacobson,  Ber.  21,  2627.  Jacobson  proposes  the  term  "  desmotropism "  in 
place  of  "  tautomerism,"  since  the  latter  implies  the  view  that  the  compounds 
belonging  to  this  class  are  continually  being  changed  by  the  vibrations  of  their 
atoms  from  one  form  to  the  other.  He  does  not  share  this  view,  but  assumes 
that  each  form  can  exist  independently,  but  that  in  certain  reactions,  one  form 
passes  into  the  other,  the  mode  of  combination  (S«o><$i,  band)  changing  (rpeVew, 
to  change). 
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fi-Bcnzonaphthalidc,  C10H7NH(CO.C6H5),  is  formed  by  the 
action  of  benzoyl  chloride  on  /3-naphthylamine,  and  crystallizes 
from  alcohol  in  large  white  needles,  melting  at  157°.  Hofmann 
endeavoured  to  prepare  it  in  a  similar  manner  to  the  a-com- 
pound,  by  heating  /3-naphthylamine  with  benzoic  acid,  but 
found  that  ammonia  was  evolved,  and  a  large  amount  of  /3- 
dinaphthylamine  formed.1 

fi-Benzonaphthalide-imido-chloride,  C10H7N~CC1.C6H6,  is  ob- 
tained in  a  similar  manner  to  the  a-compound  by  the  action-  of 
phosphorus  pentachloride  on  /3-benzonaphthalide,  and  crystallizes 
from  light  petroleum  in  large  plates,  melting  at  68°,  which 
become  dull  and  opaque  in  moist  air,  /3-benzonaphthalide  being 
again  formed.  It  reacts  with  sodiomalonic  ester  to  form  ethyl 
fi-naphthylaminebenzcnylmalonate,  C10H7N=C(C6H6)CH(CO2. 
C2H5)2,  which  separates  from  alcohol  in  large,  hard,  strongly 
refractive,  obtuse-angled  crystals,  melting  at  140'5°.  On  heating 
to  120°  with  hydrochloric  acid  it  decomposes  in  a  similar  manner 
to  the  a-compound  (p.  151). 

ft-Naphthylamido-acdic  acid,  C10H7NH.CH2.COOH,  is  obtained 
in  the  form  of  its  naphthylamine  salt  by  heating  /3-naphthyl- 
amine with  an  aqueous  solution  of  chloracetic  acid.2  On 
decomposition  with  boiling  hydrochloric  acid  the  free  acid  is 
obtained,  which  crystallizes  from  water  in  microscopic  needles, 
and  melts  at  134—135°. 

Mtroso-fi-naphthylamido-acetic  acid,  C10H7N(NO)CH2.CO2H, 
crystallizes  from  dilute  alcohol  in  reddish  plates  and  decomposes 
at  125—126°. 

fi-NaphtJiylimidodiacetic  acid  C10H7N(CH2.CO2H)2  is  pre- 
pared by  heating  sodium  /3-naphthylamido-acetate  with  chlor- 
acetic acid  in  aqueous  solution  to  140°.  It  is  an  unstable, 
amorphous  substance,  which  decomposes  at  182°.3 
i!/a/o-/3-*n«j3/t^a^e,C10H7NH.CO.CHz.CH(OH)CONH010H7, 
obtained  by  heating  malic  acid  with  /3-naphthylamine,  is  almost 
insoluble  in  the  usual  solvents,  but  can  be  recrystallized  from 
aniline ;  it  melts  at  260— 263°.4 

fi-Imiddbutyrodinaphthalidc,  is  formed,  together  with  the 
following  compound,  when  /3-naphthylamine  is  heated  with 
acetacetic  ester  to  150 — 180°: 

1  Hofmann,  Ber.  20,  1S03. 

2  Jolles,  Ber.  22,  2372. 

3  Bischoff  and  Hausdorfer,  Ber.  23,  2008. 

4  Bischoff  and  Hastvogel,  Ber.  23,  2046. 
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CH3  CH3 


A 


0  C=NC10H7 

|  +  2C10H7.NH2  =    |  +  C2H5.OH  +  H20. 

CH2  CH2 

CO.OC2Hs  CO.NH.C10H7 

It  is  almost  insoluble  in  the  usual  solvents  and  crystallizes 
from  a  large  quantity  of  benzene  in  needles,  melting  at  200°. 

ft-NaphtTiylimidobutyric  acid,  C10H7N=C(CH3)CH2.CO2H,  is 
obtained  when  the  preceding  compound  is  boiled  with  hydro- 
chloric acid  of  4  per  cent.,  and  crystallizes  from  hot  water  in 
well-developed  needles,  melting  at  92".1 

Succino  -  /3-naphthalide,    or     ft  -  Naphtylsuccinimide,    C10H7 

/C0\ 

N<f         /C2H4,  is  prepared  by  heating  /3-naphthylaminesul- 

\CCK 
phonic  acid  with  succinic  acid  to  200°;  it  crystallizes  from 
alcohol  in  long,  white  needles,  melting  at  180°.  When  it  is 
dissolved  in  caustic  potash,  fi-naphthylsuccinamic  acid,  C10H7.NH. 
CO.C2H4C02H,  is  formed.  This  substance  separates  in  small 
white  crystals  and  on  heating  to  190°  is  reconverted  into  the 
imide.2 

/C0\ 
Citracono-/3-naphtJialide,  C10H7N^       j>C3H4,  is  formed  when 

equal  molecules  of  citraconic  acid  and  /3-naphthylamine  are 
fused  together  at  170 — 180°  and  crystallizes  from  alcohol  in 
faint-yellow  needles,  which  melt  at  110°.3 


/3-Citrodinaphthylamic  acid,4  Melting. 

C3H4(OH)(GO.NH.C10H7)2CO2H,  microscopic  yellow  Point" 

needles *■  '* 

/3-Citrotrinaphthylamide,  C3H4(OH)(CO.NH.C10H7)3, 

microscopic  prisms 21  o 

/CO.NH.C^ 
jS-Citrodinaphthylarnide,  C3H4(OH)— CO^-^-  ^   H  , 

six-sided  plates "33 

1  Knorr,  Bcr.  17,  540. 

2  Pellizzari  and  Matteucci,  Chem.  Ceniralbl.  59,  1000. 

3  Hecht,  Ber.  19,  2116. 

4  Morawski  and  Glaser,  Monatsh.  9,  284. 
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fS-Naphthylamido-m-nitrdbenzoic  acid,  CjoHyNH.CglL^NOg) 
C02H,  is  obtained  by  the  action  of  /3-naphthylamine  on  p- 
bromo-m-nitrobenzoic  acid,  dissolved  in  glycerol,  as  a  brick  red 
amorphous  mass.  The  ethyl  ester  crystallizes  from  alcohol  in 
splendid  light  yellow  lustrous  needles  melting  at  127'5  } 


/3-NAPHTHYLCARBAMIDES  or  /3-NAPHTHYL- 
UREAS. 

2633  (3-NapMhyl  urea,  CO(NH2)NH.C10H7,  is  obtained  by 
heating  naphthylamine  hydrochloride  with  urea  to  150°  and 
crystallizes  from  hot  water  or  alcohol  in  matted  needles,  which 
soften  at  200°  but  do  not  completely  fuse  until  287°.2 

(3-Dinaphthyl  urea,  CO(NHC10H7)2,  is  formed  when  the 
corresponding  thio-compound  is  heated  with  mercuric  oxide 
and  alcohol ;  it  crystallizes  in  slender,  interlaced  needles,  which 
melt  at  293°  and  are  only  slightly  soluble  in  alcohol,  ether,  &c.3 

ft-Dinaphthyl-chloroformamide,  (C10H7)2N.COC1,  is  obtained 
by  beating  /3-dinaphthylamine  with  a  solution  of  phosgene  in 
toluene  to  150 — 160°.  It  forms  a  white,  cauliflower-like 
crystalline  mass,  dissolves  readily  in  boiling  benzene  or  alcohol, 
and  melts  at  173°.4 

as-j3-Dinaphthyl  urea,  (C10H7)2N.CO.NH2,  is  formed  when 
the  preceding  compound  is  heated  with  alcoholic  ammonia.  It 
crystallizes  in  large,  pointed  needles,  dissolves  readily  in  hot 
benzene  and  alcohol,  and  melts  at  192 — 193°. 

Phenyl-ft-dinaphthyl  urea,  (C10H7)2N.CO.NH.C6H6,  is  pre- 
pared from  the  corresponding  chloroformamide  and  aniline,  and 
has  also  been  obtained  from  /3-dinaphthylamine  and  carbanil. 
It  crystallizes  from  alcohol  in  fascicular  aggregates  of  long, 
white  needles,  melting  at  181 — 182°.5 

/3-Tctranaphthyl  urea  is  formed  when  thechloroformamide  is 
treated  with  /3-dinaphthylamine.  It  crystallizes  from  alcohol  in 
small  lustrous  needles,  melting  at  294 — 295°.6 

Ethyl  (3-naphthylcarbamate,  CO(OC2H6)NH.C10H7,  is  prepared 
by  the  action  of  ethyl  chloroformate  on  an  ethereal  solution  of 

1  Heidensleben,  Bcr.  23.  3456.  -  Cosiner,  Bcr.  14,  58. 

3  Huhn,  Btr.  19,  2404.  i  Kym,  Bcr.  23,  427. 

0  Gebhardt,  Bcr.  17,  3039. 
G  Kym,  Ber.  23,  1542  ;  Kuhn  and  Landau,  Bcr.  23,  811,  2161. 
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^-naphthylamine ;  it  crystallizes  from  dilute  alcohol  in  pliable 
needles,  melting  at  73°  (Cosiner). 

p-Naphthylphenyl  urea,  CO(NH.C6H6)NH.C10H7,  is  formed 
by  the  action  of  phenylcarbimide  on  /3-naphthylamine,  and 
crystallizes  in  short,  lustrous  white  prisms,  which  melt  at 
220 — 221°,  and  are  only  sparingly  soluble  in  alcohol.1 

Phenyl-  fi-naphthyl  chloroformamide,  (C10H7)(C6H6)N.COC1, 
is  prepared  by  gently  heating  phenyl-/3-naphthylamine  with 
phosgene  dissolved  in  toluene.  It  crystallizes  from  alcohol  in 
small,  white  lustrous  plates,  melting  at  101 — 102°. 

as-Phcnyl-/3-naphthyl  urea,  (C10H7)(C8H6)N.CO.NH2,  forms 
long  white  needles  and  melts  at  189 — 190°. 

Diphenyl-ft-naphthyl  urea  (C10H7)(C6H5)N.CO.NHC6HB,  is 
obtained  by  heating  a  solution  of  the  chloroformamide  in  chloro- 
form with  aniline.  It  crystallizes  from  alcohol  in  white  plates, 
melting  at  132— 133°.2 

fi-Naphthyl  thio-urea,  CS(NH2)NH.C10H7,  is  obtained  when 
/3-naphthylamine  thiocyanate  is  heated  for  some  time  to  100° 
and  crystallizes  from  hot  alcohol,  in  which  it  is  only  slightly 
soluble,  in  well-developed  rhombic  plates,  melting  at  180° 
(Cosiner). 

fi-Dinaphthyl  thio-urea,  CS(NH.C10H7)2,  is  prepared  by 
heating  /3-naphthylamine  with  carbon  disulphicle  and  some 
alcoholic  potash ;  it  is  sparingly  soluble  in  all  solvents,  and 
crystallizes  in  small  white  plates,  melting  at  193°  (Cosiner). 
On  heating  to  100°  with  alcoholic  ammonia  it  decomposes  into 
/3-naphthylamine  and  naphthyl  thio-urea,3  whilst  on  boiling 
with  benzene  and  mercuric  oxide  it  is  converted  into  (3-carbodi- 
naphthylimide,  C(NC10H7)2,  which  forms  granular  crystals,  easily 
soluble  in  benzene,  freely  but  slowly,  in  ether,  and  melts 
at  145 — 146°.  When  it  is  boiled  with  dilute  alcohol,  dinaphthyl 
urea  is  obtained,  and  it  combines  with  sulphuretted  hydrogen 
to  form  dinaphthyl  thio-urea.4 

Ethyl-(3-naphthylthiocarlamatc,  CS(OC2H6)NH.C10H7,  is  ob- 
tained when  /3-naphthyl  thiocarbimide  is  heated  to  130°  with 
alcohol,  and  crystallizes  in  yellowish  prisms,  needles,  or  rhombic 
plates,  which  melt  at  96 — 97°  (Cosiner). 

1  Goldschmidt  and  Molinari,  Bcr.  21,  2566  ;  see  also  Mainzer,  Ber.  15,  1417. 

2  Kym,  Ber.  23,  425.  3  Gebhardt,  Bcr  17,  3043. 
4  Huhn,  Ber.  19,  2404. 
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NAPHTHYLGUANIDINES. 

2634  a-Dinaphthylguanidine,  HN=C(NH.C10H7)2,  was  ob- 
tained by  Perkin  by  the  action  of  cyanogen  chloride  on  fused 
naphthylamine  and  was  termed  menaphthylamine  (Pt.  III.  p. 
225).  It  crystallizes  from  hot  alcohol  in  small  white  needles, 
which  melt  at  200°  and  have  a  bitter  taste,  and  an  alkaline  reac- 
tion to  litmus  paper.  The  salts  are  only  sparingly  soluble  in 
water.  When  a  current  of  cyanogen  is  passed  through  it 
suspended  in  ether,  dicyanmenaphthalidine  is  formed  as  a  dark- 
yellow  crystalline  mass,  which  is  decomposed  by  acids  into 
ammonia  and  menaphthoximide : 

/N(C10H7)C=NH 
HN=C<  I  +  2H20  = 

\N(C10H7)C=NH 

/N(C10H7)CO 
HN=C<  I         +  2NHS. 

\N(C10H7)CO 

This  crystallizes  in  small  yellow  scales,  melting  at  245°,  which 
are  insoluble  in  water,  sparingly  soluble  in  alcohol,  and  are 
decomposed  by  alkalis  and  strong  acids  into  dinaphthylguanidine 
and  oxalic  acid.1 

a-Naphthyldiphenylguanidine,  Cl0H7N^C(NH.C6H6)2,  was 
obtained  by  Tiemann  by  acting  upon  an  alcoholic  solution  of 
a-naphthylamine  and  diphenyl  thio-urea  with  lead  oxide.  It 
forms  crystalline  crusts,  melting  at  155°;  the  hydrochloride 
separates  out  in  indistinct  crystals  when  its  hot  solution  is 
allowed  to  cool.2 

a-Trinaphthylguanidine.  When  a-dinaphthyl  thio-urea  is 
heated  with  methyl  iodide,  the  methyl  a-naphthylimido- 
naphthylthiocarhamate  is  formed,  which  crystallizes  in  flat 
prisms,  melting  at  136°,  and  on  heating  with  a-naphthylamine 
and  absolute  alcohol  is  converted  into  trinaphthylguanidine  : 

/NH.C10H7  /NH.C10H7 

C==N.C10H7      +  NH2.C10H7  =  C==N.C10H7        +  HS.CH3. 
\SCH3  \NH.C10H7 

1  Annalen,  98,  236.  2  Ber.  3,  6. 
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The  latter  crystallizes  in  flat  needles  melting  at  178°,  which  are 
insoluble  in  water,  and  dissolve  slowly  but  freely  in  hot 
alcohol.1 


CYANOGEN  COMPOUNDS  OF  NAPHTHYL. 

2635  a-Naphthylcarbamine,  C10H7.NC,  is  formed  by  the  action 
of  chloroform  and  alcoholic  potash  on  a-naphthylamine,  and  is 
an  almost  amorphous  mass,  which  has  an  adhering  but  not  very 
powerful  smell  of  the  carbamines,  and  dissolves  readily  in  alcohol, 
but  is  insoluble  in  water. 

@-Naphthylcarbamine  differs  from  the  a-compound  in  forming 
needles,  melting  at  54°.2 

a-Naphthylcarbimide,  C10H7N(CO),  was  obtained  by  Hofmann 
by  heating  ethyl  naphthylcarbamate  with  phosphorus  pent- 
oxide  as  an  almost  odourless  liquid,  boiling  at  269 — 270°,  the 
vapour  of  which  has  a  pungent  odour.3 

a-Naphthylthiocarbimide,  or  a-Naphthyl  mustard  oil, 
C10H7N(CS),  was  prepared  by  Hall  by  the  distillation  of  a- 
dinaphthyl  thio-urea  with  phosphorus  pentoxide.  It  may  be 
more  simply  obtained  by  heating  the  first-named  substance  with 
2'5  parts  of  phosphoric  acid  containing  62 — 63  per  cent,  of 
pentoxide.  It  crystallizes  from  alcohol  in  long,  lustrous  needles, 
melting  at  58°,  and  is  converted  into  ethyl  a-naphthylcar- 
bamate  by  continued  boiling  with  alcohol.* 

fi-Naphthyl  thiocarbimide  is  prepared  in  a  similar  manner  to 
the  a-compound  ;  it  crystallizes  in  yellowish  needles,  melting  at 
62 — 63°,  and  is  very  readily  converted  into  ethyl  /3-naphthylthio- 
carbamate  by  boiling  alcohol  (Cosiner  ;  Mainzer). 

P-Naphthyl  thiocyanate,  C10H7S.CN,  is  formed  when  Cyanogen 
chloride  is  passed  into  an  alcoholic  solution  of  /3-thionaphthol, 
and  separates  on  the  addition  of  water  as  an  oily  liquid,  which 
after  some  time  solidifies  to  a  snow-white  mass;  it  melts  at 
35°,  and  decomposes  at  a  higher  temperature.5 

Fries  6  has  prepared  the  following  compounds  by  the  action  of 
cyanogen  chloride  on  the  naphthylamines  : 

1  Evers,  Ber.  21,  962.  2  Liebermann,  Ber.  16,  1640. 

3  Liebermann,  Ber.  3,  657. 

4  Hofmann,  Ber.  15,  985.  ;  Mainzer,  Ber.  15,  1412  J  16,  2016. 
8  Billeter,  Ber.  8,  462. 

6  Billeter,  Ber.  19,  242  and  2055. 


168  NAPHTHALENE  DERIVATIVES 


Melting-point 

Naphthylaniidocyanuric  chloride, 

_.   TT  ATTT  _,  -vr  ,-,-,    f  a-  needles 149° 

OlnM7.JNM/ 


,„...-    ,,I.C3N,C12  J  £_  wellformed  ciystals  .    .154° 


Dinaphthylaniidocyanuric  chloride, 

(C10H7.NH)2C3R 
Trinaphthylcyanuramide, 


(c„h,.nh)an,ci{;™:E::::::.I7? 


(c10h7nh)3c3n3  J  ^_  mdlii ;;;;;;;  £09° 


THE  TETRAHYDRONAPHTHYLAMINES. 

2636  The  alicyclic  compounds  of  this  group,  containing  the 
four  hydrogen. atoms  in  the  nucleus  which  also  contains  the 
amido-group,  have  lost  the  character  of  aromatic  amido-com- 
pounds  and  behave  like  fatty  amines.  They  have  a  strong 
alkaline  reaction,  colour  turmeric  paper  brown,  decompose 
ammonium  salts,  and  have  a  sharp  smell  which  resembles  that 
of  ammonia  and  of  piperidine,  and  produces  irritation  in  the 
throat.  They  form  neutral  salts,  eagerly  absorb  carbon  dioxide 
from  the  air,  and  those  of  them  which  are  primary  compounds 
combine  with  carbon  disulphide  with  explosive  violence.  A 
very  characteristic  property  is  that  they  are  not  converted  by 
nitrous  acid  into  diazo-compounds  but  into  stable  nitrites. 
Moreover,  they  do  not  combine  with  diazo-salts  to  form  azo- 
colouring  matters,  but  form  diazo-amines  (Pt.  III.  p.  28).  They 
do  not  possess  any  reducing  properties,  and  their  solutions  are 
not  perceptibly  altered  by  sulphuric  acid  and  potassium  dichro- 
mate,  whilst  the  solutions  of  their  hydrochlorides  are  only  coloured 
deep  reddish-brown  by  ferric  chloride  on  heating.  Potassium 
permanganate  oxidizes  them  to  o-carboxyhydrocinnamic  acid  : 


NH2 


HC      CH  HC     C02H 

HC^\C/\CH2  Hcf^c/     C02H 

+  40  =  I         II 


HC 


-A 


HO         CH„  HC         CH, 


+  NHS. 


CH2 
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HC         CH2 

hc.^c/^chnh, 


HC 


C02H 


HC\/C\/ 
HC         CH 


CH, 


+  40  = 


HC^^C^    ,C02H 


HC 


HC 


C\   /CH2 
CH, 


+  NHS. 


The  aromatic  tetrahydronaphthylamines  on  the  other  hand 
retain  the  characteristics  of  true  amido-derivatives.  They  are 
without  action  on  vegetable  colouring  matters,  form  salts  which 
have  an  acid  reaction,  and  do  not  combine  with  carbon  dioxide 
and  carbon  disulphide  at  the  ordinary  temperature.  They  have 
a  powerful  reducing  action  and  give  colour  reactions  with  ferric 
chloride,  and  sulphuric  acid  and  potassium  dichromate,  the 
shades  of  which  depend  on  the  nature  of  the  base.  The 
primary  compounds  can  be  diazotized,  the  secondary  form  nitros- 
amines,  and  the  tertiary  ^>-nitroso-compounds ;  with  diazo- 
salts  they  form  azo-colours.  Potassium  permanganate  oxidizes 
them  to  adipic  and  oxalic  acids  : 


NH, 


H2C        C 
H2c/\C/"^CH 

H,C 


CH 


CH 


+  10  0  +  2H20  = 


H2C 


CH 


H2C 


H2C 


2 

C02H 
CO.H 


+  2 


C02H 
C02H 


+  NH, 


H0C 


a-Naphthylamine  and  its  alkyl  derivatives  only  yield  aromatic 
hydrobases  on  reduction,  whereas  the  (3-  compounds  form  both 
aromatic  and  alicyclic  reduction  products.1 

2637  ac-Tdrahydro-a-naphthylamine   is,    as  just    mentioned, 

not  formed  by  the   direct  reduction  of  a-naphthylamine.      In 

order  to  prepare  it,  Bamberger  and  Bammann  were  compelled 

to   start   with    1 : 4'-diamidonaphthalene.     This  combines  with 

1  Bamberger,  Bur.  22,  767. 
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hydrogen  to  form  1 : 4'-tetrahydrodiamidonaphthalene,  which  is 
at  once  an  alicyclic  and  aromatic  compound  and  therefore  forms 
a  diazo-chloride.  The  solution  of  this  on  treatment  with  a  hydro- 
chloric acid  solution  of  stannous  chloride  deposits  a  crystalline 
precipitate  of  tetrahydro-1  : 4'-amidonaphthalenehydrazine  hydro- 
chloride. This  is  decomposed  with  caustic  soda  solution,  the 
base  dissolved  in  15  to  20  parts  of  hot  water,  the  solution  heated 
on  the  water-bath,  and  a  10  per  cent,  copper  sulphate  solution 
added  until  the  liquid  is  coloured  permanently  blue  : 

NH, 

/CH — CH2 
NH,.NH.C.H,<  I  +  2CuO  = 


NH2 


^CH— CH2 


/CH  —  CH„ 
C6H4<  |  +  Cu20  +  H20  +  N2. 

\CH2— CH2 

As  soon  as  the  reaction  is  over,  caustic  soda  is  added,  and  the 
base  distilled  off  with  steam.  The  distillate  is  neutralized  with 
hydrochloric  acid,  the  solution  concentrated,  and  the  crystallized 
hydrochloride  again  decomposed  with  caustic  soda,  the  base 
dissolved  in  ether,  dried  over  caustic  potash  and  caustic  baryta, 
and  then  separated  by  distillation. 

ac-Tetrahydro-a-naphthylamine  is  a  colourless,  transparent, 
viscid  oil,  which  shows  no  fluorescence,  and  boils  at  246'5°  under 
a  pressure  of  714  mm.  It  is  moderately  soluble  in  cold  water, 
more  freely  in  hot  water,  and  is  precipitated  by  caustic  soda.  It 
possesses  the  characteristic  odour  of  these  bases,  and  its  vapour 
causes  irritation  of  the  throat,  especially  when  its  aqueous 
solution  is  boiled.  It  attracts  carbon  dioxide  from  the  air  so 
vigorously  that  an  incrustation  of  the  carbonate  is  always  formed 
when  it  is  poured  from  one  vessel  into  another. 

ac-Tetrahydro-a-naphthylamine  hydrochloride,  Gx^Ilv'HIlfi\, 
crystallizes  in  splendid  silky  needles,  united  into  small  round 
masses,  and  is  readily  soluble  in  water,  less  readily  in  hydro- 
chloric acid. 

The  platinochloride,  (Ci0H11NH3)2PtCLJ  +  2H2O,  forms  broad 
orange-yellow  lustrous  prisms  an  inch  in  length,  and  is  moder- 
ately soluble  in  water. 
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The  nitrite,  C10Hn.NH3NO2,  separates  out  in  white  needles 
when  nitrogen  trioxide  is  passed  into  a  cooled  ethereal  solution 
of  the  base.  It  is  very  readily  soluble  in  water,  and  crystallizes 
on  evaporating  the  solution  in  splendid  silky  needles,  which  melt 
at  138 — 139°,  and  are  not  decomposed  by  boiling  water. 

The  carbonate,  (C10Hn.NH3)2CO3,  forms  white  lustrous  needles, 
and  the  picrate  is  a  yellow  flocculent  precipitate,  which  crystal- 
lizes from  hot  water  in  lustrous  needles. 

Acetyl-ac-tetrahydro-a-naphthylamine,  C10H11.NH(CO.CH3), 
crystallizes  from  dilute  acetic  acid  in  long  prisms,  and  from  weak 
alcohol  in  hair-like  needles,  aggregated  in  forms  resembling 
spiders'  webs,  which  melt  at  148 — 149°. 

Diazohenzene  -  ac  -  tetrahydro  -  a  -  naphthylamine,  C6H6.N2. 
NH.C10Hn,  is  formed  when  the  base  is  suspended  in  water, 
cooled  with  ice,  and  treated  with  diazo-benzene  nitrate : 

C6H5.N2.ON02  +  2C10Hn.NH2  = 
C6H6.N2.NH.C10Hn  +  C10HuNH8.ONOi. 

It  is  a  thick  reddish-yellow  oil,  which  has  a  sweet  and  somewhat 
stupefying  odour,  and  gradually  solidifies  in  cold  water  to  lus- 
trous needles.  The  picrate,  G6H5N2.NH.C10Hn  +  C6H3(N02)30, 
crystallizes  from  hot  water  in  long  silky,  sulphur-yellow 
needles.1 

2638  ac-Tetrahydro-/3-naphthylamine,  C6H4.C4H7.NH2,  was 
obtained  by  Bamberger  and  Miiller  by  allowing  a  boiling  solution 
of  y3-naphthylamine  in  amyl  alcohol  to  flow  on  to  small  pieces  of 
sodium,2  or  more  conveniently  by  gradually  adding  the  sodium 
to  the  boiling  solution.3  Water  is  then  added  and  the  upper 
layer  removed,  acidified  with  hydrochloric  acid,  and  freed  from 
amyl  alcohol  by  distillation,  the  base  being  then  liberated 
from  the  residue.  In  order  to  free  it  from  «r-tetrahydro-/8- 
naphthylamine,  which  is  simultaneously  formed,  and  from 
unaltered  /3-naphthylamine,  the  product  is  dissolved  in  ether, 
and  a  stream  of  moist  carbon  dioxide  passed  through  the  solution  ; 
the  carbonate  thus  obtained  is  then  decomposed  by  caustic  soda. 

ae-Tetrahydro-/3-naphthylamine  is  a  colourless,  transparent 
liquid,  which  boils  at  249'5°  under  a  pressure  of  710mm.,  and  has 
a  sp.  gr.  of  1-031  at  16°.  It  possesses  all  the  characteristic  proper- 
ties of  the  alicyclic  bases.     On  boiling,  a  small  portion  of  it 

1  Ber.  22,  951.  2  Bamberger  and  Miiller,  Ser.  21,  847  and  1112. 

3  Bar.  22,  944  (Note). 
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decomposes  into  ammonia  and  dihydronaphthalene,  the  liquid 
taking  a  bluish-violet  fluorescence.  It  is  rapidly  converted  into 
the  crystalline  carbonate  in  the  air.  When  sodium  nitrite  is 
added  to  its  solution  in  very  dilute  sulphuric  acid,  a  reaction 
only  takes  place  on  heating,  nitrogen  and  naphthalene  being 
formed.  Tetrahydro-/3-naphthol  is  probably  first  formed,  and 
immediately  decomposes  into  water  and  dihydronaphthalene, 
the  latter  being  then  oxidized  by  the  nitrous  acid  to  naphtha- 
lene. When  equal  molecules  of  the  base  and  amyl  nitrite  are 
heated  together,  the  following  reaction  occurs  : 

C10Hn.NH2  +  C6HuO.NO  =  C10H10  +  C5Hn.OH  +  N2  +  H20. 

The  base  is  oxidized  by  potassium  chromate  and  sulphuric  acid 
to  a-naphthol  and  a-naphthoquinone,  whereas  naphthalene  is 
obtained  when  nitric  acid  is  employed.1  Potassium  perman- 
ganate converts  it  into  a  mixture  of  phthalic  and  o-carboxyhy- 
drocinnamic  acids.2 

ac-  Tetrahydro-ft-naphthylamine  hydrochloride,  C10HU.NH3C1, 
crystallizes  in  nacreous  silver-white  thin  quadratic  tablets  and  is 
readily  soluble  in  water  and  alcohol. 

The  platinochloride,  (C10Hn.NH3)2PtCl6,  crystallizes  from 
boiling  water  in  splendid  flat  orange-yellow  prisms,  which  have  a 
satin  lustre.  The  sulphate,  (C10Hn.NH3)2SO4,  forms  flat  lustrous 
white  prisms.  The  nitrite,  C10Hn.NH3.NO2,  separates  in  the 
crystalline  form  when  nitrogen  trioxide  is  passed  into  a  cooled 
ethereal  solution  of  the  base,  and  crystallizes  from  boiling 
alcohol  in  fascicular  groups  of  long  silky  needles,  or  when  the 
solution  is  gradually  evaporated,  in  short,  clear,  strongly  refrac- 
tive prisms.  It  decomposes  at  180 — 190°  into  nitrogen,  water, 
and  dihydronaphthalene. 
Normal  ac-tetrahydro-fi-naphthylaminc  carhcnate,  (C10Hn.NH3)2 
C03,  forms  lustrous  white  needles,  which  are  more  soluble  in 
hot  water  than  in  cold,  and  lose  carbon  dioxide  when  preserved 
in  a  dessicator.  The  acid  carbonate,  (C10HnNH3)HCO3,  is 
formed  as  a  granular  crystalline  precipitate  when  solutions  of 
the  hydrochloride  and  sodium  bicarbonate  are  mixed.  It  is 
sparingly  soluble  in  cold  water,  and  is  decomposed  by  boiling 
water,  the  base  being  liberated. 

The  acetate  crystallizes  in  thick  monosymmetric  columns 
which  have  a  vitreous  lustre  and  melt  at  155'5 — 156°. 

1  Bamberger  and  Kitschelt,  Bcr.  23,  880.  2  Ber.  21,  1119. 
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The  nitrate  is  only  sparingly  soluble  in  cold  water,  and  melts 
at  210—212°. 

The  physiological  action  of  this  base  is  very  remarkable. 
When  a  1  to  5  per  cent,  solution  is  dropped  into  the  eye,  enlarge- 
ment of  the  pupil  is  caused  in  the  eye  experimented  on,  whilst 
if  a  sufficient  quantity  be  introduced  into  the  system  by  subcu- 
taneous injection,  or  other  means,  a  similar  effect  is  produced  in 
both  eyes.  The  enlargement  is  greater  than  that  which  is 
brought  about  by  atropine,  but  whilst  the  latter  and  other 
tropeines  paralyze  the  motor  nerve  endings  of  the  sphinctor, 
tetrahydro-#-naphthylamine  when  locally  applied  only  acts  as 
an  irritant  on  the  nerve  endings  of  the  dilator,  and  when 
brought  into  the  system  by  absorption  acts  to  a  certain  extent 
in  the  same  manner,  but  chiefly  still  as  a  direct  irritant,  upon 
the  central  nuclei  of  these  nerve  endings.  Tetrahydro-/3-naph- 
thylamine  is  the  first  substance  which  has  been  observed  to 
exert  this  action. 

The  most  interesting  effect  is  however  undoubtedly  the  con- 
siderable rise  of  temperature  caused  by  ac-tetrahydro-/3-naph- 
thylamine  in  animals,  which  sometimes  amounts  to  as  much  as 
4'5°.  It  is  due  to  diminished  loss  of  heat  accompanied  by 
increased  production.  This  characteristic  effect  is  produced  by 
all  the  alicyclic  hydro-bases  of  the  /3-series,  whilst  those  of 
the  a-series  and  the  aromatic  hydro-bases  show  no  signs  of  it. 

The  group  CH(NH2)  in  the  /3-position  seems  therefore  to 
actually  condition  this  physiological  action,  and  physiological 
experiments  become  of  great  value  in  determining  the  consti- 
tution of  a  hydro-base  of  the  /3-series.  In  such  a  case  the 
aromatic  or  alicyclic  nature  of  a  base  can  be  determined  by  an 
experiment  performed  on  an  animal  with  less  substance  and  in 
a  shorter  time  than  by  employing  the  oxidation  method.1 
Traces  of  an  alicyclic  /3-compound  can  also  be  easily  detected 
in  an  aromatic  hydrobase  irr  this  way,  since  the  mydriasis  pro- 
duced is  a  much  more  delicate  test  than  the  reaction  with 
turmeric  paper.2 

ac-Tetrahydroacetyl-(3-naphthylamine,  C10HU.NH.CO.CH3,  is 
obtained  by  the  action  of  acetyl  chloride  or  acetic  anhydride 
on  the  base,  and  crystallizes  in  asymmetric  prisms  with  a  vitreous 
lustre,  which  melt  at  107"5°. 

ac-Ditetrahydro-fi-naphthyl  thio-urea,  CS(NH.C10Hn)2.  When 
very  dilute  ethereal  solutions  of   tetrahydro-/3-naphthylamine 
1  Bamberger  and  Filehne,  Ber.  22,  777.  2  Bcr.  22,  1296  (Footnote). 
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and  carbon  disulphide  are  mixed,  a  violent  reaction  takes 
place,  and  tetrahydro-fl-nctjjhthylaminc  tetrahydro-ft-najohthyl- 
thiocarbamate,  C10H11.NH.CS.SN(C10H11)H3,  is  formed.  This 
substance  is  only  sparingly  soluble  in  cold  water,  from  which 
it  separates  on  evaporation  in  long,  lustrous  needles,  melting 
at  142°.  On  boiling  with  alcohol,  the  thio-urea  is  formed, 
which  crystallizes  in  lustrous  white  needles,  united  to  form 
rosette-shaped  aggregates,  and  melts  at  166'5°. 

Diazobenzenetetrahydro-fl-naphthylamine,  C6H6N,,NH.C10H11, 
is  a  yellowish-red,  very  viscid  oil,  which  has  a  faint,  sweet 
odour,  and  explodes  on  heating.  It  combines  with  picric  acid 
to  form  the  compound  C16H17N3  +  C6H3(N02)30,  which  crys- 
tallizes in  lustrous  ruby-red  needles.  On  heating  with  dilute 
sulphuric  acid,  the  diazo-compound  decomposes  into  dihydro- 
naphthalene,  aniline,  and  nitrogen. 

ac-Bmzylidenetetrahydro-[B-naphtliylamine,0^&£5H=z:l$.  C10Hn, 
is  formed  by  the  direct  combination  of  benzaldehyde  with  the 
base.  It  crystallizes  from  alcohol  in  colourless  asymmetric 
tablets,  melting  at  5T5 — 52°,  and  is  remarkably  stable  towards 
alkalis,  but  is  easily  decomposed  by  acids.1 

2639  ac-Tetrahydro-ethyl-ft-naphthylamine,  C10Hu]SrrI.C2rIs, 
is  prepared  by  adding  24  grms.  of  sodium  cut  into  small 
pieces,  3  to  4  grms.  at  a  time,  to  a  solution  of  15  grms.  of 
ethyl-/3-naphthylamine  in  200  grms.  of  boiling  amyl  alcohol,2 
the  bases  being  obtained  as  already  described.  They  are  dis- 
solved in  light  petroleum  and  treated  with  moist  carbon 
dioxide,  which  soon  produces  a  precipitate  of  the  alicyclic 
carbonate.  This  may  be  mixed  with  a  little  of  the  aromatic 
base,  which  is  best  removed  by  dissolving  in  very  dilute  hydro- 
chloric acid  and  adding  a  small  quantity  of  sodium  nitrite 
The  oily  aromatic  nitrosamine  is  thus  formed  and  is  removed 
by  ether,  the  alicyclic  base  being  then  liberated  from  the 
solution.  Its  purity  is  tested  by  bringing  it  into  a  solution  of 
diazobenzenesulphonic  acid,  which  ought  not  to  produce  a 
colouration.  If  a  scarlet  colouration  appears  the  purification 
must  be  repeated. 

«c-Tetrahydroethyl-/3-naphthylamine  is  a  colourless,  viscid  oil, 
which  boils  at  267°  under  a  pressure  of  724  mm.,  and  has  a 
sp.  gr.  of  0'998  at  15°.  Its  remaining  properties  resemble 
those   of  the   other  bases    of  the   group ;    it  is  only  sparingly 

1  Bcr.  23,  879. 

2  Bamberger  and  Muller,  Ber.  22,  1293  ;  see  also  Bar.  22,  944  (Notes). 
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soluble  in  water,  and  its  physiological  action  is  like  that  of  the 
unsubstituted  base. 

On  oxidation  it  does  not  yield  o-carboxyhydrocinnamic  acid 
but  a  viscid  oily  acid,  which  is  probably  a  mixture  and,  on 
account  of  the  small  quantity  obtained,  has  not  been  more 
closely  examined. 

ac-  Tetrahydroethyl-/3-naphthylamine  hydrochloride,  C10Hn.NH„ 
(C2H6)C1,  crystallizes  from  water  in  flat  prisms,  with  a  vitreous 
lustre,  and  from  chloroform  on  the  addition  of  light  petroleum 
in  short  lustrous,  strongly  refractive  needles. 

The  platinochloride  (C10H11.NH2.C2H6)2PtCl6,  is  moderately 
soluble  in  hot  water,  and  crystallizes  on  spontaneous  evapora- 
tion in  orange-yellow,  lustrous  stellate  masses. 

ac-  Tetrahydroethyl-fi-napihthylamine  nitrate,  C10Hn.NH3.NO3, 
is  precipitated  by  the  addition  of  nitric  acid  to  the  solution  of  the 
hydrochloride  as  a  lustrous  crystalline  mass,  which  readily  dis- 
solves in  hot  water,  and  crystallizes  when  the  solution  is  slowly 
cooled  in  long,  flat  needles,  with  a  vitreous  lustre,  but  when 
rapidly  cooled  in  silver  white  plates,  with  a  satin  lustre,  which 
melt  at  184°. 

ac- Tetrahydroelhyl-fi-naphthylamine  nitrite,  C10H11.NH2(C.,H5) 
N02,  crystallizes  from  hot  water  in  long,  silky  needles,  which 
form  masses  resembling  wavelite,  and  melt  at  180°. 

The  picratc,  C10HnNH2(C2H5)OC6H3(NO2)3,  separates  from 
hot  water  in  light  orange-red,  hair-like  needles,  which  resemble 
spider's  web  in  appearance  and  have  a  woolly  structure  ;  it 
melts  at  183'5°. 

The  carbonate  forms  white,  lustrous  needles,  and  the  oxalate, 
(C10HnNH2.C2H6)2C2O4,  crystallizes  from  an  aqueous  solution 
on  evaporation  in  flat  needles,  with  a  satin  lustre,  whilst  the 
acetate  remains  as  a  viscid  syrup  when  its  solution  is  evaporated. 

ae-Tetrahydroethyl-l3-naphthylnitmsamine,OloKllJ$(T$0)CilI!i, 
is  formed  when  sodium  nitrite  is  added  to  an  acid  solution  of 
the  hydrochloride,  and  the  mixture  allowed  to  stand  for  some 
time ;  if  the  solution  be  heated  it  separates  out  as  a  yellowish 
oily  liquid.  When  it  is  treated  with  phenol  and  sulphuric  acid, 
and  caustic  soda  then  added,  a  light  grass-green  colouration  is 

produced. 

Diazobenzcnetetrahydroethyl-/3-naphthylamine,      C10Hn.NH.N2 

C6H5,  forms  splendid,  sulphur-yellow,  flat,  six-sided  tablets,  and 

melts  at  58°. 

ae-Tetrahydrodimethyl-ft-naphthylamine,     C10Hn.N(CH3)2,    is 
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only  formed  in  small  quantity,  together  with  the  aromatic  base, 
by  the  action  of  sodium  on  a  solution  of  /3-dimethylnaphthyl- 
amine  in  amyl  alcohol,  and  is  a  liquid  which  boils  at  166'5J 
under  a  pressure  of  22  mm.,  and  has  even  a  more  powerful 
physiological  action  than  tetrahydro-/3-naphthylamine.  Its 
hydrochloride  crystallizes  in  long  needles  with  a  vitreous  lustre, 
which  do  not  alter  in  the  air,  and  its  platinochloride  separates 
out  in  lustrous  orange-yellow  needles  when  the  aqueous  solution 
is  evaporated. 

ac-Tdrahydro-p-tolyl-fi-naphthylamine,  C10H11NH(C6H4.CH3)> 
is  not  readily  formed,  and  crystallizes  from  hot  water  in  silver- 
white  plates,  which  have  a  satin  lustre  and  a  characteristic 
odour,  in  which  the  perfume  of  the  narcissus  can  be  recognized 
along  with  the  sharp  smell  of  piperidine.  It  melts  at  44°,  boils 
at  98°,  under  a  pressure  of  18  mm.,  and  evaporates  at  the 
ordinary  temperature  as  rapidly  as  camphor  (Bamberger  and 
Muller). 

2640  ar- Tetrahydro-a-naphthylamine,  C10Hn.NH2,  is  formed 
when  a  boiling  solution  of  a-naphthylamine  in  amyl  alcohol  is 
allowed  to  flow  in  a  continuous  stream  on  to  small  pieces  of 
sodium.  It  is  a  colourless,  oily  liquid,  which  smells  like 
dimethylaniline,  has  a  sp.  gr.  of  1'0625  at  16°,  and  boils  at  275° 
under  a  pressure  of  712  mm.  It  does  not  act  on  vegetable 
colouring  matters,  reduces  silver  solution  on  heating,  and  gold 
and  platinum  chlorides  in  the  cold. 

Tetrahydro-a-naphthylamine  hydrochloride,  C10Hn.NH3Cl, 
crystallizes  in  nacreous,  quadratic  tablets.  It  combines  with 
mercuric  chloride  to  form  the  double  salt,  C10Hn.]SrH3Cl  +  HgCl2, 
which  crystallizes  from  hot  water  in  silver-white,  flat  needles, 
which  have  a  satin  lustre. 

Tetrahydro-a-naphthylamine  sulphate,  2(C10H11.NH3)2SO4+ 
H20,  forms  silver-white  plates,  or  fiat  needles,  with  a  satin 
lustre. 

When  a  solution  of  one  of  the  salts  is  heated  with  ferric 
chloride  or  potassium  dichromate  and  sulphuric  acid,  naphtha- 
mei'n  separates  out  after  some  time.  The  base  is  converted 
into  tetrahydro-a-naphthol  by  the  diazo-reaction  (p.  81). 

ar-Tctrahydro-a-acetonaphthalide,  C10H11.NH.CO.CH3,  is  ob- 
tained by  heating  the  hydrochloride  with  sodium  acetate  and 
acetic  anhydride,  and  crystallizes  in  asbestos-like  masses  of 
silky  needles,  which  melt  at  I080.1 

1  Bamberger  and  Althausse,  Her.  21,  1786  and  1892. 
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ar-Tetrahydroethyl-a-naphthylamine,  C10Hn.]SrHC2H5,  is  a 
colourless,  viscid  liquid,  which  boils  at  286 — 287°  under  a 
pressure  of  71 7  mm.,  has  a  faint  odour,  resembling  that  of 
dimethylaniline,  and  is  slightly  soluble  in  water.  It  reduces 
alcoholic  silver  nitrate  solution  at  the  temperature  of  the  hand, 
and  forms  an  orange-red  colouring  matter  with  diazobenzene- 
sulphonic  acid.  When  its  solution  in  hydrochloric  acid  is 
heated  with  ferric  chloride,  it  becomes  coloured  red  and  then 
greenish-yellow  ;  potassium  dichromate  and  sulphuric  acid  pro- 
duce in  the  cold  a  dirty-yellow  precipitate,  and  on  heating  a 
raspberry-red  and  then  a  greenish-brown  colouration,  a  bluish- 
black  flocculent  precipitate  being  formed  when  more  dichromate 
is  added. 

ar-Tetrahydroethyl-a-naphthylamine  hydrochloride,  C10Hn. 
NH2(C2H5)C1,  crystallizes  from  water  in  large,  thick  prisms, 
with  a  vitreous  lustre,  or  when  rapidly  cooled,  in  needles,  which 
lose  water  and  fall  to  powder  at  80 — 90°  and  melt  at  118°. 

The  'jplatinochloride,  (C10Hn.NrI2.C2H6)2PtCl6,  forms  lustrous 
golden-yellow  plates,  which  are  moderately  soluble  in  hot  water, 
but  are  soon  decomposed  by  it. 

Tetrahydroethyl-a-naphthylnitrosaminc,  C10H11N(NO)C9H6, 
separates  out  when  sodium  nitrite  is  added  to  an  acid  solution 
of  the  hydrochloride.  It  is  a  yellow,  oily  liquid,  which  has  a 
characteristic,  somewhat  stupefying  odour.  It  gives  Lieber- 
mann's  reaction, 1  and  is  converted  by  alcoholic  potash  into  the 
isomeric  ethylamidonitrosotetrahydronaphthalene,  which  will  be 
subsequently  described. 

ar-Tctrahydrcdimcthyl-a-naphthylamine,  C10rIn.N(CH3)2,  is  a 
colourless,  oily,  strongly-refractive  liquid,  which  has  a  peculiar 
alkaline  smell,  and  boils  at  261 — 262°  under  a  pressure  of 
721  mm.  It  reduces  alcoholic  silver  nitrate  solution  on  heating, 
a  metallic  mirror  being  deposited ;  an  acid  solution  of  ferric 
chloride  produces  a  red  colouration  on  heating,  which  disappears 
at  a  higher  temperature,  whilst  potassium  dichromate  and 
sulphuric  acid  give  a  dirty-yellow  precipitate  in  the  cold,  and  a 
brown  colouration  accompanied  by  a  brown-black  flocculent 
precipitate  on  heating. 

The  hydrochloride  forms  a  syrup,  whilst  the  platinochloride 
separates  out  in  resinous  masses,  which  break  up  on  rubbing 
into  orange-yellow  crystalline  flakes. 

When  the  base  is  heated  with  methyl  iodide,  the  ammonium 
1  Bamberger  and  Hellwig,  Bcr.  22,  1311. 
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iodide,  C10HnN(CHg)sI,  is  formed;  this  substance  crystallizes 
from  water  in  splendid  prisms  with  a  vitreous  lustre,  and  melts 
at  164"5°  (Bamberger  and  Hellwig). 

2641  ar-Tetrahydro-fi-naphthylaminc,  C10HlrNH2,  is  a  liquid 
which  boils  at  276-5°,  and  like  the  corresponding  a-compound  is 
oxidized  to  adipic  acid  by  potassium  permanganate.1 

ar- Tetrahydroethyl-/3-naphthylamine, CwTIllJNTLC^s,is  formed 
in  small  quantity  together  with  the  alicyclic  compound,  and  is 
a  colourless,  viscid  oil,  which  has  a  faint  aromatic  odour,  and  is 
immediately  converted  by  nitrous  acid  into  the  oily  nitrosamine, 
which  gives  Liebermann's  reaction. 

Its  hydrochloride,  C]0H11.NH2(C2H5)C1,  forms  long  bundles  of 
needles,  which  have  a  vitreous  lustre.  It  is  readily  soluble  in 
water,  and  is  precipitated  by  hydrochloric  acid  in  silver-white, 
nacreous  plates.  The  hot  aqueous  solution  is  coloured  deep 
reddish-brown  by  ferric  chloride. 

The  platinochloridc,  (C10H11.NH2.C2H6)2PtCl6,  crystallizes  in 
slender  glittering  needles,  which  are  sparingly  soluble  in  water, 
and  readily  decompose  with  separation  of  platinum. 

ar-Tetrahydrodimethyl-/3-naphthylami?ie,C10H.n.~N(CHs)2,  forms 
the  chief  product  of  the  reduction  of  dimethyl-/3-naphthylamine, 
and  is  also  a  viscid  liquid  possessing  a  faint  aromatic  odour  ;  it 
boils  at  287°  under  a  pressure  of  718  mm.  When  ferric  chloride 
is  added  to  its  hot  solution  in  hydrochloric  acid,  a  yellow  colour- 
ation accompanied  by  turbidity  is  produced,  whilst  gold  chloride 
colours  it  first  yellow,  then  green,  and  finally  blue,  producing  a 
solution  which  appears  violet  by  reflected  light,  and  when 
heated  deposits  gold  as  a  red  powder  on  the  sides  of  the  con- 
taining vessel.  The  alcoholic  solution  is  coloured  blue  by  silver 
nitrate,  and  then  deposits  metallic  silver.  Potassium  dichro- 
mate  and  sulphuric  acid  give  a  yellow  precipitate,  a  dirty  grey- 
green  colouration  being  produced  on  heating. 

The  hydrochloride  separates  out  as  a  white  deliquescent  crys- 
talline mass  when  hydrochloric  acid  is  passed  into  the  anhydrous 
ethereal  solution  of  the  base. 

The  platinochloride  is  a  light  yellow  flocculent  precipitate, 
which  becomes  crystalline  when  rubbed  with  a  glass  rod. 

The  picrate  crystallizes  from  hot  water  in  woolly,  lustrous 
yellow  needles  (Bamberger  and  Muller.) 

ar-Tetrahydrodiethyl-j3-naphthylamine,  CI0HU.N(C2H6)2,  is  al- 
most exclusively  formed  by  the  reduction   of  diethyl-/3-naph- 

1  -Ber.  23,  883. 
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thylamine,  and  is  an  oily  liquid,  which  boils  at  298°  under  a 
pressure  of  709  mm.,  rapidly  becomes  brown  in  the  air,  im- 
mediately reduces  alcoholic  silver  solution,  and  forms  a  ponceau- 
red  colouring  matter  with  diazobenzenesulphonic  acid.  Potas- 
sium dichromate  and  sulphuric  acid  produce  an  oily  precipitate 
which  dissolves  on  heating,  forming  a  brown  solution,  whilst 
ferric  chloride  added  to  the  solution  in  hydrochloric  acid  pro- 
duces a  dirty  dark-brown  colouration  on  heating. 

The  hydrochloride  is  a  granular  crystalline  precipitate  which 
is  remarkably  soluble  in  water.1 


HALOGEN   SUBSTITUTION    PRODUCTS   OF 

o-NAPHTHYLAMINE. 

2642  Chlor-a-naphthylaminc,  C10H6C1.NH2(2  : 1  or  3  : 1)  was 
obtained  by  Cleve  by  the  reduction  of  dichlor-a-acetonaphtha- 
lide.  It  crystallizes  in  thin  white  needles,  which  melt  at  56°, 
and  have  an  unpleasant  faecal  odour.  Its  hydrochloride  forms 
silky  needles  and  is  decomposed  by  water.2 

^-Chlor-a-naphthylamine,  was  prepared  by  Otterberg  from 
4-chlor-a-nitronaphthalene  by  reduction.  It  is  a  crystalline  mass 
which  melts  at  85 — 86°,  smells  like  a-naphthylamine  and 
rapidly  oxidizes  in  the  air.3 

2' '-Chlor-a-naphthylamine,  was  obtained  by  Erdmann  and 
Kirchhoff  by  heating  2'-chlor-a-naphthol  with  calcium  chloride 
ammonia.  It  is  a  liquid  which  has  an  odour  resembling  that 
of  naphthylamine,  and  forms  an  ethereal  solution  which  has 
a  fine  bluish-violet  fluorescence.  Its  hydrochloride  crystallizes 
from  hot  water  in  fine  plates,  and  becomes  coloured  grey  in  the 
light.  On  heating  with  ferric  chloride,  an  azure  blue  precipitate 
is  formed.1 

1 '-Chlor-a-naphthylamine,  was  prepared  by  Atterberg  from 
7-dichloronitronaphthalene  by  the  action  of  tin  and  hydro- 
chloric acid.  Its  hydrochloride,  C10H6Cl.NH3Cl4-H2O,  crystal- 
lizes in  long  prisms,  which  become  anhydrous  at  100°  and 
gradually  volatilize :  ammonia  precipitates  the  base  from  solu- 
tions of  this  salt  as  a  flocculent  mass  which  is  odourless,  and 
melts  at    93 — 94°.      Ferric    chloride  produces  a  greyish-green 

1  Bamberger  and  Williamson,  Ber.  22,  1760.  2  Ser.  20,  448. 

8  Ber.  10,  547.  l  Annalcn,  247,  375. 
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colouration  followed  by  a  precipitate.  It  is  converted  into 
1 :  l'-dichloronaphthalene  by  the  diazo-reaction.1 

a-Dichloronaphthylaminc,  C10H6C12.NH2(2  :  4  : 1),  is  prepared 
by  the  action  of  concentrated  caustic  potash  solution  on  di- 
chloracdonapMhalide,  C10H5C12]S1H.CO.CH3,  which  was  prepared 
by  Cleve  by  passing  chlorine  into  a  solution  of  acetonaph- 
thalide  in  glacial  acetic  acid  and  crystallizes  in  long  thin 
needles,  melting  at  214°.  The  free  base  crystallizes  from  alcohol 
in  nodular  masses,  which  melt  at  82°,  and  have  an  unpleasant 
faecal  odour.  It  is  volatile  with  steam,  and  does  not  form  salts ; 
on  oxidation  it  yields  phthalic  acid  and  is  converted  by  the 
diazo-reaction  into  1  :  3-dichloronaphthalene. 

ft-  Dichloronaphthylamine,  (CI :  CI :  NH2— 1  :  4  :  8),  is  formed 
by  the  action  of  tin  and  hydrochloric  acid  on  /3-dichloronitro- 
naphthalene ;  it  crystallizes  from  alcohol  in  soft  white  needles, 
which  melt  at  104°.  The  hydrochloride  forms  anhydrous 
needles.2 

r)-Dichloronaphthylamine,  was  prepared  by  Cleve  from  »j-di- 
chloronitronaphthalene ;  it  is  slightly  soluble  in  water,  readily 
in  alcohol,  and  crystallizes  in  needles  which  have  an  unpleasant 
odour,  and  melt  at  94°.  Its  hydrochloride  forms  thin  crystals, 
which  are  only  slightly  soluble  in  water.3 

4-£rom-a-napMhylamine,  C10H6Br.NH2,  was  obtained  by 
Rother  from  brom-a-acetonaphthalide  by  the  action  of  boiling 
caustic  potash  solution,4  and  Morawski  and  Glaser  prepared  it 
in  a  similar  manner  from  bromocitraconobrom-a-naphthalide.6 
It  volatilizes  with  steam  and  condenses  in  slender,  microscopic 
needles,  which  melt  at  102°,  have  a  faint  odour  of  a-naphthyl- 
amine,  and  become  coloured  reddish-violet  in  the  light.  It  is 
converted  into  1  : 4-dibromonaphthalene  by  the  diazo-reaction. 
Its  salts  crystallize  well. 

4-Brom-a-acetonaphthalide,  Cj0H6Br.NH.CO.CH3,  is  formed 
when  bromine  is  added  to  a  solution  of  acetonaphthalide  in 
glacial  acetic  acid,6  and  when  a  solution  of  bromine  in  caustic 
soda  solution,  and  then  hydrochloric  acid  are  added  to 
acetonaphthalide  ground  up  with  water.7  It  crystallizes  from 
hot  alcohol  in  fascicular  groups  of  lustrous  needles,  and  melts 
at  193°  (Rother). 

1  Bcr.  9,  1730.  =  Widman,  Bull.  Soc.  Chim.  28,  505. 

3  Bull.  Soc.  Chim.  29,  499.  *  Ber.  4,  850. 

"  Monatsh.  9,  284.  «  Meldol'a,  Bcr.  H,  1904. 


Prager,  Bcr.  18,  2158. 
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Eromocitraconobromonaphthalide,  C10H6BrN(CO)2.C3H3Br)  is 
formed  by  the  action  of  bromine  on  citracononaphthalide,  and 
crystallizes  in  faint-yellow,  lustrous  prisms,  which  melt  at  19-9°. 

3-Brom-a-naphthylamine  is  obtained  by  the  action  of  zinc 
dust  and  acetic  acid  on  the  corresponding  bromonitronaphthalene, 
and  crystallizes  in  needles,  which  melt  at  62°  and  are  insoluble 
in  water  but  readily  soluble  in  alcohol  and  hydrochloric 
acid.1 

1  :  3-Brom-a-acetonaphthalide  is  formed  by  the  action  of  acetic 
anhydride  on  the  preceding  compound,  and  crystallizes  in  white 
needles,  melting  at  187°. 

(3-Brorn-a-naphthylamine,  (Br :  NH2  =  3'  :  or  2' :  1),  was  pre- 
pared by  Guareschi  from  m-bromonitronaphthalene,  which  melts 
at  122-5°,  by  boiling  with  tin  and  hydrochloric  acid.  It  is 
readily  soluble  in  alcohol,  insoluble  in  cold  water,  and  only 
sparingly  soluble  in  hot  water,  from  which  it  crystallizes  in 
plates,  melting  at  63 — 64°.  Its  hydrochloride  forms  needles  or 
quadratic  plates,  which  are  sparingly  soluble  in  cold  water; 
ferric  chloride  produces  a  blue  colouration  in  its  aqueous 
solution,  and  potassium  permanganate  oxidizes  it  to  a-bromo- 
phthalic  acid.2 

Dibrom-a-naphthylami7ie,  C10H6Br2.NH2(4  :  2  : 1),  is  formed 
when  its  acetyl  compound  is  heated  with  strong  caustic  soda 
solution  to  140 — 150°.  It  crystallizes  from  dilute  alcohol  in 
large  needles,  which  melt  at  118—119°,  and  are  readily  soluble 
in  alcohol,  ether,  benzene,  etc.  It  forms  no  compounds  with 
acids ;  when  it  is  dissolved  in  glacial  acetic  acid  and  a  few  drops 
of  an  acetic  acid  solution  of  chromium  trioxide  added,  a  fugitive 
indigo-blue  colouration  is  produced.  It  is  oxidized  by  nitric 
acid  to  phthalic  acid  and  is  converted  by  the  diazo-reaction  into 
1 : 3-dibromonaphthalene.3 

Dibrom-a-acetonaphthalide,  C10H5Br2NH.CO.CH3,  (4:2:1), 
is  obtained  by  dissolving  4-brom-a-acetonaphthalide  in  glacial 
acetic  acid,  and  adding  a  little  iodine  and  an  excess  of  bromine. 
It  is  readily  soluble  in  alcohol  and  acetic  acid,  less  readily  in 
benzene,  from  which  it  crystallizes  in  silky,  fibrous  needles, 
which  melt  and  partially  sublime  at  225°.* 

Dibrom-a-naphthylamine,  (3  : 1'  :  1  or  3  :  4'  :  1)  was  obtained 
by  Meldola  from  the  acetyl-compound ;  it  crystallizes  from 
dilute  alcohol  in  needles,  which  melt  at  101—102°.     When  the 

1  Meldola,  Journ.  Chan.  Soc.  1885,  1,  510.  2    AnnaUn,  222,  296. 

3  Meldola,  Ber.  12,  1961.  *  Ber.  H,  1904. 
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amido-group  is  replaced  by  bromine,  £-tribromonaphthalene  is 
formed.1 

Dibrom-a-acetonaphlhalide  (3  : 1' :  1  or  3:4':  1),  is  formed 
when  bromine  is  added  to  a  solution  of  3-brom-a-acetonaph- 
thalide  in  glacial  acetic  acid,  and  occurs  in  crystals,  melting 
at  221°. 


HALOGEN   SUBSTITUTION-PRODUCTS  OF 
0-NAPHTHYLAMINE. 

2643  1-Chloro-ft-najohthylamine,  C10H6C1.NH2,  is  obtained  by 
the  action  of  hydrochloric  acid  on  its  acetyl  derivative.  It 
crystallizes  from  dilute  alcohol  in  slender,  colourless  needles 
which  are  devoid  of  any  unpleasant  odour  and  melt  at  59°. 
The  hydrochloride  crystallizes  with  one  molecule  of  water  in 
colourless  lustrous  needles,  which  are  scarcely  soluble  in  cold 
water,  but  somewhat  readily  in  boiling  dilute  hydrochloric  acid. 

l-Chloro-/3-naphthylamine  can  be  converted  into  a-chloro- 
naphthalene  and  1  :  2-dichloronaphthalene  (M.P.  34-35°)  by 
the  diazo-reaction,  and  yields  phthalic  acid  on  oxidation  with 
nitric  acid. 

l-Chloro-/3-acetonaphthalide,  C10H6Cl.NHC2H3O,  is  formed  by 
the  action  of  chlorine  on  /3-acetonaphthalide  dissolved  in  dilute 
acetic  acid.  It  crystallizes  from  alcohol  in  radiating  groups  of 
slender,  colourless  needles,  which  are  readily  soluble  in  alcohol 
but  with  difficulty  in  boiling  water,  and  melt  at  147°.2 

^-Bromo-ft-napththylamine,  C10H6Br.NH2,  is  obtained  by 
adding  zinc  dust  to  a  cooled  solution  of  1  :  3-bromonitronaph- 
thalene.  It  crystallizes  in  needles,  which  melt  at  71°,  are 
insoluble  in  water,  readily  soluble  in  alcohol  and  benzene,  and 
have  only  faintly  basic  properties.  Its  acetyl  compound  forms 
white  needles,  melting  at  186'50.3 

l-Bromo-6-naphthylamine  was  prepared  by  Cosiner  from  the 
acetyl  compound  by  boiling  with  concentrated  caustic  potash 
solution,4  whilst  Marawski  and  Glaser  prepared  it  from 
bromocitracono-/3-bromonaphthalide.6      It  crystallizes  from  hot 

1  Journ.  Cham.  Soc.  1885,  1,  514.  2  Clem,  Ber.  20,  1989. 

3  Journ.  Chem.  Soc.  1885,  1,  509.  4  Ber.  14  58. 

6  Monatsh.  9,  284. 
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water  in  small  needles,  melts  at  79°,  and  does  not  combine  with 
acids.  When  the  amido-group  is  replaced  by  hydrogen,  a-bromo- 
naphthalene  is  formed,  and  it  is  converted  by  oxidation  with 
nitric  acid  into  phthalic  acid.1 

l-Bromo-/3-acetonaphthalide  is  formed  when  bromine  and 
/3-acetonaphthalide  are  brought  together  in  acetic  acid  solution. 
It  crystallizes  in  needles,  melting  at  134 — 135°. 

Bromocitracono-fi-bromonapMhalide,  C10H6BrN(CO)2C3H3Br, 
forms  yellow  needles  and  melts  at  181°. 

a-Dibromo-fi-naphthylamine,  C10H5Br2.NH2  (1 : 3' :  3  or  1 : 2' :  3) 
has  been  obtained  from  its  acetyl  compound,  and  crystallizes  from 
alcohol  in  silky  needles,  melting  at  105°.  It  is  oxidized  by 
dilute  nitric  acid  to  a-bromophthalic  acid.2 

Dibromo-/3-acetonaphthalide,  C10H5Br2NH.CO.CH3,  is  formed 
by  the  action  of  bromine  on  wi-broino-/3-acetonaphthalide,  and 
crystallizes  in  needles,  which  melt  at  221 — 222°. 

ft-Dibromo-fi-naphthylamine  was  obtained  by  Lawson  by 
the  action  of  bromine  on  benzenediazo-/3-naphthylamine  and 
similar  compounds.  It  crystallizes  in  long  needles,  melting  at 
121°,  and  has  weak  basic  properties.  Its  acetyl  compound  melts 
at  208°.3 

Tetrabromo-ft-dinapMhylamine,  C20HnBr4N,  is  formed  when 
the  calculated  quantity  of  bromine  is  added  to  an  acetic  acid 
solution  of  /3-dinaphthylamine,  and  crystallizes  from  benzene  in 
long  white,  matted  needles,  which  melt  at  245 — 246°.  If  an 
excess  of  bromine  be  employed,  octobromo-^-dinaphthylamine, 
C20H7Br8N,  is  formed,  which  crystallizes  in  slender  needles, 
melting  above  300°.4 


NITRO-SUBSTITUTION-PRODUCTS     OF 

o-NAPHTHYLAMINE. 

2644  k-Nitro-a-naphthylamine,  CjoHg^O^NHa,  was  ob- 
tained by  Liebermann  by  gently  heating  1 : 4-nitro-a-acetonaph- 
thalide  with  alcoholic  potash.  It  crystallizes  from  alcohol  in 
thin,  orange-coloured  needles,  melts  at  191°,  and  dyes  wool  a 
fine  orange-yellow.  It  is  more  soluble  in  hot  acids  than  in 
water,  but  separates   out  again    on  cooling.     On  boiling  with 

1  Meldola,  Journ.  Chcm.  Soc.  1883,  1,  6. 

s  Journ.  Chem.  Soc.  1885,  1,  511. 

8  Ber.  18,  2424.  4  Kis,  Ber.  20,  2618.- 
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caustic  soda  solution  it  is  converted  into  a-nitro-naphthol,  and 
yields  a-nitronaphthalene  when  diazotised.1 

4<-Nitro-a-acetonaphthalide,G10H.6(NO^)l>iIl.CO.CIls.  Andreoni 
and  Biedermann  obtained  a  substance  melting  at  171°  as  the 
product  of  the  action  of  nitric  acid  on  a-acetonaphthalide  dis- 
solved in  glacial  acetic  acid.2  Liebermann,  however,  found  that 
this  is  a  mixture  of  two  isomerides,  one  of  which  (1 : 4)  can 
readily  be  obtained  pure,  whilst  the  other,  subsequently  recog- 
nized as  the  1  : 2-compound  by  Lellmann,  cannot  easily  be 
isolated.  In  order  to  prepare  these  compounds  100  grms.  of 
acetonaphthalide  are  dissolved  in  600  grms.  of  glacial  acetic 
acid,  and  a  mixture  of  45  grms.  of  nitric  acid  of 
sp.  gr.  1'54  and  40  grms.  of  glacial  acetic  acid  added.  After 
about  two  days  the  substance  melting  at  171°  is  deposited,  and 
then  pure  1  : 4-nitro-a-acetonaphthalide,  which  crystallizes  in 
needles  melting  at  190°.  The  substance  melting  at  171°  proved 
to  be  a  compound  of  equal  molecules  of  1:4-  and  1 : 2-nitro- 
acetonaphthalide,  which  cannot  be  separated  by  crystallization. 
If,  however,  it  be  dissolved  in  hot  alcohol,  the  calculated  amount 
of  concentrated  caustic  potash  added  and  the  liquid  heated, 
the  1 : 4-compound  is  decomposed,  whilst  the  1 :  2-compound 
remains  undissolved. 

2-Nitro-a-naphthylamine  is  obtained  by  heating  the  nitro- 
acetonaphthalide  to  110°  with  the  necessary  quantity  of  alcoholic 
potash.  It  crystallizes  from  alcohol  in  monosymmetric  prisms 
of  the  colour  of  potassium  dichromate,  which  melt  at  144°, 
and  are  converted  into  /3-nitronaphthalene  by  heating  with 
nitrous  acid  and  alcohol,  and  into  2-nitro-a-naphthol  by  boiling 
with  caustic  soda  solution. 

2-Nitro-a-acdonaphthalide  forms  yellow  needles,  melting  at 
199°.  When  equal  parts  of  this  and  of  the  1 : 4-compound  are 
dissolved  in  glacial  acetic  acid,  needles  of  the  double  compound 
already  mentioned  separate  out  after  some  time.3 

<b'-Nitro-a-naphthylamineis  formed  by  the  action  of  ammonium 
sulphide  on  1  : 4-dinitronaphthalene,  and  crystallizes  from  hot 
water  in  small  red  lustrous  needles,  which  melt  at  118 — 119°, 
and  are  converted  into  a-nitronaphthalene  by  nitrous  acid  in  the 
presence  of  alcohol.4 

2 :  4<-Dinitro-a-napUhylamine,  C10H6(NO2)2NH2,  was  obtained 

1  Annalen,  183,  228  2  Her.  6,  342. 

3  Lellman,  Ber.  17,  109  ;  Lellraan  and  Remy,  Bar.  19,  796. 

4  Beilstein  and  Kuhlberg,  Annalen,  169,  87. 
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by  Liebermann  and  Hammerschlag  by  heating  its  acetyl  com- 
pound to  140°  with  alcoholic  ammonia.1  Witt  found  that  it 
can  be  prepared  in  the  same  manner  from  dinitro-a-naphthol  if 
the  temperature  be  maintained  for  some  time  at  190-2000.2  It 
is,  however,  best  prepared  from  freshly-precipitated  moist 
dinitro-a-acetonaphthalide  by  adding  sulphuric  acid,  and,  if 
necessary,  aiding  the  reaction  by  heat.3  It  is  insoluble  in  cold 
water,  sparingly  soluble  in  boiling  water,  and  crystallizes  from 
alcohol  in  lemon-yellow  needles,  which  melt  at  238-239°.  It 
forms  no  compounds  with  acids ;  caustic  potash  readily  converts 
it  into  dinitro-a-naphthol,  and  it  yields  7-dinitronaphthalene 
when  the  amido-group  is  replaced  by  hydrogen. 

Binitro-a-acetonaphthalide,GlnKs(NO^)i('N'K.CO.CR.i),  is  formed 
when  a-acetonaphthalide  is  nitrated  in  acetic  acid  solution  with 
the  necessary  amount  of  concentrated  nitric  acid,  and  crystallizes 
in  long,  yellowish  needles,  melting  at  250  "5°. 

Trinitro-a-naphthylamine,  C10H4(NO2)3NH2,  was  obtained  by 
Stadel  by  heating  ethyl  a-triaitronaphthate  with  alcoholic 
ammonia.  It  is  scarcely  soluble  in  alcohol,  ether,  benzene,  &c, 
and  slightly  soluble  in  hot  toluene,  from  which  it  crystallizes 
in  small  yellow  plates.  Nitrous  acid  and  alcohol  convert  it 
into  /3-trinitronaphthalene.4 

Tetranitro-a-naphlhylaminc,  C10H3(NO2)4NH2,  is  formed  when 
ammonia  is  passed  into  the  solution  in  benzene  of  the 
bromotetranitronaphthalene  obtained  by  the  action  of  fuming 
nitric  acid  on  a-hromonaphthalene.  It  crystallizes  in  light- 
yellow,  lustrous  needles,  and  melts  at  194°.5 

4  :  2-Uromonitro-a-naphthylaminc,  C10H6Br(NO2)NH2(4 :  2  : 1), 
was  prepared  by  Liebermann  from  the  acetyl-compound  by 
boiling  with  alcoholic  potash  or  heating  with  alcoholic  ammonia 
to  160 — 170°.  It  forms  long,  orange-coloured  crystals,  which 
melt  at  200°.  Dilute  nitric  acid  oxidizes  it  to  phthalic  acid ; 
it  yields  m-bromonitronaphthalene  when  acted  upon  by 
nitrous  acid  and  alcohol,  and  is  converted  into  £-tribromo- 
naphthalene  by  heating  with  hydrobromic  acid. 

4:2- Br vmonitro- a-acetonaphthalide  is  obtained  when  p-brom- 
acetonaphthalide  is  nitrated  in  hot  acetic  acid  solution,  and  crystal- 
lizes in  long,  light-yellow  needles,  melting  at  232°. 

2  :  4<-Bromonitro-a-naphlhylamine  was  prepared  by  Meldola  by 

1  Annalen,  183,  272.  2  Ber.  19,  2032. 

3  Meldola,  Ber.  19,  2683.  *  Annalen,  217,  173. 

6  Merz  and  Weith,  Ber.  15,  270S. 
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dissolving  the  acetyl  compound  in  sulphuric  acid  and  gradually 
adding  water,  sufficient  heat  for  the  decomposition  of  the  com- 
pound being  thus  generated.  It  crystallizes  from  toluene  in 
long,  orange-red  needles,  melts  at  197°,  is  soluble  in  hot  alcohol, 
and  yields  phthalic  acid  on  oxidation. 

2  :  4>-Bromonitro-a-acetonaphthalide  is  formed  by  the  bromina- 
tion  of  4-nitro-a-acetonaphthalide,  and  crystallizes  from  alcohol 
in  long,  fibrous  ochreous  needles,  which  melt  at  2250.1 


NITRO-SUBSTITUTION-PRODUCTS    OF 
/3-NAPHTHYLAMINE. 

2645  l-Nitro-fi-napMhylamiw,  C10H6(NO2)NH2(l :  2),  is 
formed  when  its  acetyl-compound  is  boiled  with  alcoholic 
potash,  and  crystallizes  from  alcohol  in  long,  lustrous,  orange- 
yellow  needles,  which  melt  at  126—127°.  It  is  converted  into 
a-nitronaphthalene  by  the  diazo-reaction.2 

1-Mtro-p-acetonaphthalicle,  C10H6(NO2)(NH.CO.CHs),  is  ob- 
tained by  gradually  adding  concentrated  nitric  acid  to  a  well- 
cooled  paste  of  /3-acetona'phthalide  and  glacial  acetic  acid.  It 
crystallizes  from  alcohol  in  long,  yellow  needles  or  rhombic 
prisms,  and  melts  at  123-5°.3  On  heating  with  acid  stannous 
chloride  it   is    converted    into  ethenyl-/3-diamidonaphthalene ; 

Cio-Efgv  /C.CHg,  and  is  thus  proved  to  be  an  ortho-com- 

pound.  When  it  is  boiled  with  caustic  soda  solution,  nitro-/3- 
naphthol  is  formed,  whilst  cold  concentrated  caustic  potash 
solution  rapidly  decomposes  it  into  acetic  acid  and  the  fore- 
going substance.4 

Dinitro-p-naphthylamine,  C10H5(NO2)2NH2,  is  formed  when 
ethyl  dinitro-^-naphthate  is  heated  to  140°  with  ammonia. 
It  is  sparingly  soluble  in  water  and  alcohol,  melts  at  238°, 
and  is  converted  into  S-dinitronaphthalene  by  the  diazo-reaction.^ 

1' :  X-Dinitro-P-naphthylamine  is  formed  by  the  action  of 
alcoholic  ammonia  on  the  ethyl  ether  of  dinitro-/3-naphthol  at 

1  Journ.  Chem.  Soc.  1885,  1   499. 

2  Liebermann  and  Jacobson,  Annalcn,  211   64. 

3  Annalen,  211,  45.  '     ' 

4  Kleemann,  Ber.  19(  334. 

8  Graebe  and  Drews,  Ber.  17   1170. 
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220 — 225°.  It  is  only  slightly  soluble  in  boiling  toluene,  from 
which  it  separates  in  thin  yellow  needles,  which  blacken  at 
235°  without  melting.  The  crystals  are  insoluble  in  dilute 
acids,  and  gradually  become  darker  coloured  on  exposure  to 
the  air.1 

Trinitro-p-napMhylamine,  C10H4(NO2)3NH2,  is  obtained  by 
heating  ethyl  trinitro-/3-naphthate  with  alcoholic  ammonia,  and 
is  scarcely  soluble  in  alcohol,  ether,  glacial  acetic  acid,  or 
benzene,  and  is  very  sparingly  soluble  in  boiling  toluene,  from 
which  it  crystallizes  in  small  lustrous  needles,  which  become 
black  and  detonate  on  heating.  Its  diazo-nitrate  is  converted 
by  alcohol  into  /3-trinitronaphthalene.2 

Tetranitro-ft-naphthylamine,  C10H3(NO2)4NH2,  is  prepared  by 
the  action  of  ammonia  on  /3-bromotetranitronaphthalene  sus- 
pended in  benzene,  and  crystallizes  from  alcohol  in  yellow 
needles,  melting  at  20  2°.3 

Dinitro-fi-dinaphthylamine,  C20H11(lSrO2)4N,  is  formed  by  the 
action  of  ordinary  nitric  acid  on  a  cooled  solution  of  /9-dinaph- 
thylamine  in  acetic  acid.  It  is  slightly  soluble  in  alcohol,  rather 
more  freely  in  benzene,  and  readily  in  coal-tar  cumene,  from 
which  it  crystallizes  in  yellowish-red  needles  or  slender  prisms, 
which  melt  at  224—225°. 

TetranitrG-fi-dinwphthylamine,  C20H11(lSrO2)4N,  is  the  product 
when  concentrated  nitric  acid  is  employed,  and  separates  from 
boiling  nitrobenzene  in  brownish-red  crystalline  granules,  which 
melt  at  285 — 286°,  and  detonate  when  more  strongly  heated. 

JIexnitro-/3-dinaphthylamine,  C20H9(NO2)6N,  is  obtained  when 
a  large  excess  of  fuming  nitric  acid  is  employed,  and  is  pre- 
cipitated in  lemon-yellow  flakes  by  water.4 

AmidochlorotrinitronapMhalene,  C10H3(NH2)Cl(NO2)3,  is  ob- 
tained by  the  action  of  alcoholic  ammonia  on  dichlorotrinitro- 
naphthalene  (CI :  CI :  1 : 3),  and  forms  citron-yellow,  pliant 
needles,  containing  a  molecule  of  alcohol ;  it  melts  at  252°.  The 
corresponding  phenyl-substituted  derivative  is  obtained  by  the 
action  of  aniline  on  the  dichloro-compound.  It  forms  red 
scales,  and  melts  at  230°.5 

1  Onufrowicz,  Ber.  23,  3362.  2  Staedel,  AnnaUn,  217,  173. 

3  Merz  and  Weith,  Bcr.  15,  2720.  *  Ris,  Ber.  20,  2618. 

5  Cleve,  Ber.  23,  957. 
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THE    MONOSULPHONIC  ACIDS    OF 
a-NAPHTHYLAMINE 

a-NAPHTHYLAMINE-a-SuLPHONIC  ACIDS,  C10H6(NH2)SO3H. 

2646  1 :  A-Naphthylaminesulphonic  acid.  Piria  obtained  the 
ammonium  salt  of  thionaphthamic  acid,  C10H9NSO3,  by  boiling 
nitronaphthalene  for  a  considerable  time  with  a  solution  of 
ammonium  sulphite  and  alcohol,  and  keeping  the  liquid  neutral 
by  the  addition  of  ammonium  carbonate.  From  this  he  pre- 
pared other  salts,  all  of  which  crystallize  in  pearly  plates,  and 
have  a  reddish  or  amethystine  tinge,  resembling  that  of  the 
internal  coating  of  many  shells.  When  it  is  decomposed  by  an 
acid,  the  free  thionaphthamic  acid  immediately  takes  up  the 
elements  of  water  and  decomposes  into  naphthylamine  and 
sulphuric  acid. 

In  addition  to  this  substance  he  obtained  an  isomeric  stable 
substance,  naphthionic  acid}  which  he  considered  to  stand  in  the 
same  relation  to  thionaphthamic  acid  as  isethionic  acid  to 
sulphovinic  acid.2  Kolbe  distinguished  naphthionic  acid  as 
amidonaphthylsulphuric  acid  and  thionaphthamic  acid  as 
naphthylamidosulphuric  acid?  Employing  the  modern  symbols 
his  formulae  become  : 

Naphthionic  Acid.  Thionaphthamic  Acid. 

C10H6(NH2)SO3H  C10H7.NH.SO3H. 

The  latter  formula  explains  in  a  simple  manner  the  ready 
decomposition  of  thionaphthamic  acid  ;  whilst,  according  to  the 
former,  naphthionic  acid  would  be  a  sulphonic  acid  of  naphthyl- 
amine, and  this  constitution  was  also  considered  probable  by 
Butlerow,4  and  was  proved  by  Schmidt  and  Schaal,  who  obtained 
the  acid  by  the  action  of  sulphuric  acid  on  naphthylamine.5 

Cleve  then  showed  that  it  is  converted  by  the  diazo-reaction  into 
1  :  4-dichloronaphthalene.8  Witt  afterwards  carefully  compared 
naphthionic  acid  prepared  by  Piria's  method  with  the  acid  ob- 
tained by  the  action  of  an  excess  of  sulphuric  acid  on  a-naph- 

1  It  is  first  called  naphthionic  acid  in  Omelin's  Handbuch,  and  this  name  has 
hitherto  been  universally  employed.  s  Annalen,  78,  31. 

3  Lehrbuch  Organ.  C'hem.  2,  806.  4  Lehrbuch  Organ.  Chem.  p.  693. 

5  Bar.  7,  1367.  fl  Ber.  10,  1722. 
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thylamine,  and  with  that  prepared  by  Nevile  and  Winther  by 
heating  equal  molecules  of  sulphuric  acid  and  a-naphthylamine 
to  180 — 200",1  and  found  that  all  three  were  identical.2  He 
proposed  that  the.  name  naphthionic  acid  should  be  retained 
for  these  acids,  and  adduced  further  proofs  of  their  constitution.3 
It  is  manufactured  either  by  heating  a-naphthylamine  with 
3-5  parts  of  sulphuric  acid  until  the  mass  is  completely  soluble 
in  alkalis,  or  by  employing  the  method  of  Nevile  and 
Winther. 

Naphthionic  acid  crystallizes  in  small  silky  needles  con- 
taining half  a  molecule  of  water,  which  is  lost  at  100°.  It  is 
scarcely  soluble  in  alcohol  and  dissolves  in  almost  4,000  parts  of 
cold  water.  Its  solutions  and  those  of  its  salts  show  a  deep 
reddish-blue  fluorescence,  and  several  of  its  isomerides  are  em- 
ployed for  the  manufacture  of  colouring  matters.  As  already 
mentioned,  Erdmann  has  determined  the  constitution  of  many 
of  the  disubstitution  products  of  naphthalene,  taking  the  naph- 
thylamine-sulphonic  acids  as  his  starting-point,  and  converting 
them  into  other  derivatives.  The  methods  employed  for  this 
purpose  may  be  here  shortly  described. 

In  order  to  convert  naphthionic  acid  into  a-naphthylamine, 
180  grms.  of  distilled  sulphuric  acid  are  mixed  with  50  grms. 
of  water,  and  20  grms.  of  sodium  naphthionate  added  to  the 
hot  mixture ;  strongly  superheated  steam  is  then  passed  in  and 
the  temperature  gradually  raised  to  180 — 185°,  at  which  point 
the  amido-acid  suddenly  dissolves.  The  liquid  is  maintained  at 
this  temperature  for  a  quarter  of  an  hour,  and  is  then  diluted 
with  water  and  the  naphthylamine  precipitated  by  a  slight 
excess  of  ammonia.  If  it  be  desired  to  convert  it  into  a-naph- 
thalenesulphonic  acid,  naphthylhydrazinesulphonic  acid  is  first 
prepared  and  is  then  suspended  in  water,  hydrochloric  acid 
added,  and  an  acid  solution  of  cupric  chloride  allowed  to  drop 
slowly  into  the  mixture  : 

,N2H3 


C10Hfl<  +  2CuCl2  =  C10H7SO3H  +  Cu2Cl2  +  2HC1  +  N2. 

\SOJE 


The  conversion  of  naphthionic  acid  into  1 : 4-naphtholsulphonic 
acid  can  be  readily  effected  by  preparing  diazonaphthalenesul- 
phonic  acid  from  it  and  bringing  this  in  the  moist  state  into  a 

1  Ber.  13,  1948.  2  Ber.  19,  55.  3  Bcr.  19,  1719. 
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boiling  mixture  of  100  parts  of  sulphuric  acid  and  400  parts  of 
water.  Naphthionic  acid  can  also  be  readily  converted  into 
1  :  4-dichloronaphthalene.  In  order  to  do  this  308  grms.  of  phos- 
phorus pentachloride  are  covered  with  about  an  equal  weight  of 
phosphorus  oxychloride,  and  the  mixture  heated  until  the 
greater  part  of  the  former  has  dissolved;  114  grms.  of  dry 
diazonaphthalenesulphonic  acid  are  then  gradually  added,  the 
operation  being  occasionally  interrupted  and  the  liquid  vigor- 
ously boiled  for  a  short  time  to  prevent  the  accumulation  of  the 
diazo-compound.  As  soon  as  all  has  been  added,  the  liquid  is 
heated  to  boiling  for  six  hours  in  a  flask  provided  with  an  in- 
verted condenser.  Chloronaphthalenesulphonic  chloride  is  the 
first  product  of  this  reaction  : 

yN=Nv  yCl 

C10H6<  >  +  PC16  =  C10H6<  +  POCl3  +  Ns. 

x  S03  /  \S02C1 

This  is  then  converted  into  dichloronaphthalene  according  to 
one  of  the  following  equations  : 

C]0H6Cl(SO2Cl)  +  PC16  =  C10H6C12  +  SOCl2  +  POCl3 
C10H6Cl(SO2Cl)  +  PC16  =  C10H6C12  +  S02C12  +  PC13. 

The  phosphorus  and  sulphur  compounds  are  distilled  off,  and 
the  temperature  is  then  raised  until  the  dichloronaphthalene 
has  come  over.  The  latter  is  purified  by  washing  with  water, 
caustic  soda  solution,  and  acidified  water,  and  is  finally  recrystal- 
lized  from  alcohol.1  The  salts  of  naphthionic  acid  have  been 
examined  by  Piria  and  by  Witt. 

Sodium  naphthionate,  C10H8NSO3Na+4H2O,  crystallizes  in 
large  transparent  monosymmetric  tablets,  or  when  its  saturated 
solution  is  rapidly  cooled,  in  plates  which  after  a  few  moments 
change  into  tablets.  It  is  readily  soluble  in  water  but  only 
sparingly  in  caustic  soda  or  caustic  potash  solution,  the  solu- 
bility decreasing  as  the  concentration  of  the  caustic  solution 
increases ;  it  is  therefore  precipitated  from  solution  in  water  by 
alkalis.  Its  taste  is  at  first  scarcely  perceptible,  but  then 
becomes  persistently  sweet.  The  concentrated  solution  shows 
no  fluorescence,  but  dilute  solutions  fluoresce  with  a  violet-blue 
colour. 

1  Jnnalen,  247,  350  ;  Ber.  20,  3185. 
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Calcium  naphthionate,  (C10H8NSO3)2Ca+8H2O)  crystallizes 
from  hot  water  in  white,  monosymmetric  tablets,  with  a  fatty 
lustre,  which  are  readily  soluble  in  water,  but  scarcely  soluble  in 
alcohol. 

Barium  naphthionate,  (C10H8NSO3)2Ba,  crystallizes  from  a 
hot  concentrated  solution  in  micaceous  plates,  and  from  a  dilute 
solution  in  large  transparent  plates,  which  are  probably  iso- 
morphous  with  those  of  the  calcium  salt,  and  effloresce  so 
rapidly  that  Piria  was  unable  to  determine  the  amount  of  water 
of  crystallization  present. 

1  :  i'-Naphthylaminesulphonic  acid.  Laurent  by  the  reduction 
of  nitronaphthalenesulphonic  acid  with  ammonium  sulphide, 
obtained  sulphonaphihalidamic  acid  (acide  sulphonaphtalida- 
mique)?-  It  remained  uncertain  whether  this  substance  was 
identical  or  isomeric  with  naphthionic  acid 2  until  Cleve,  who 
prepared  it  by  the  reduction  of  pure  a-nitronaphthalenesulphonic 
acid,  examined  it  more  carefully  and  found  it  to  be  different 
from  naphthionic  acid,  giving  it  the  name  of  a-amidonaphthyl- 
sulphonic  acid?  Witt  then  obtained  by  the  action  of  cold 
fuming  sulphuric  acid  on  a-naphthylamine  hydrochloride,  naph- 
thalidinesulphonic  acid,  and  although  very  similar  to  Cleve's 
acid,  it  was  considered  to  be  different/  until  Erdmann  6  and  Mau- 
zelius 6  showed  that  they  are  identical.  The  same  acid  is  also 
formed  when  a-acetonaphthalide  is  treated  with  fuming  sulphuric 
acid,7  and,  together  with  much  naphthionic  acid,  by  heating 
a-naphthylamine  with  the  fuming  acid.  It  can  be  separated 
from  naphthionic  acid  by  the  solubility  of  its  sodium  salt  in 
alcohol  (Erdmann). 

1 : 4'-Naphthylaminesulphonic  acid  crystallizes  in  very  slender 
needles  and  requires  four  times  as  much  cold  water  to  dissolve 
it  as  naphthionic  acid.  Erdmann  has  converted  it  by  the  above- 
mentioned  reactions  into  a-naphthylamine  and  a-naphthalene- 
sulphonic  acid  ;  in  the  formation  of  the  latter,  however,  a  con- 
siderable proportion  of  1  : 4'-naphtholsulphonic  acid  is  also 
obtained,  which  can  readily  be  prepared  pure  from  the  diazo- 
compound,  and  is  converted  by  phosphorus  pentachloride  into 
1 : 4'-dichloronaphthalene.     The  salts  of  1  : 4'-naphthylamine- 

1  Oom.pt.  Mend.  31,  537. 

3  Carius,  Gmelin's  Eandb.  Organ.  Chem.  4,  105. 
8  Bull.  Soc.  Ohim.  24,  506.  4  Ber.  19,  578. 
8  Ber.  20,  3185  ;  Annalen,  247,  315. 

6  Ber.  20,  3401. 

7  Lange,  Ber.  20,  2940  ;  Schultz,  Ber.  20,  3158. 
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sulphonic  acid  are  more  readily  soluble  than  the  naphthionates, 
and  their  solutions  have  a  greenish  fluorescence. 

Sodium  1 :  4>'-naphthylaminesulphonate,  C10H8NSO3Na  +  H20, 
crystallizes  in  flat  needles  or  pearly  scales,  which  lose  their  water 
of  crystallization  at  140°. 

Calcium  1  :  4' ' -naphthylaminesulphonate,  (C10H8NSOs)2Ca  + 
9H20,  forms  large  pearly  tablets,  which  are  readily  soluble 
in  hot  water. 

Barium  1:4'-  naphthylaminesulphonate,  (C10H8NSO3)2Ba+ 
6H20,  crystallizes  readily  in  soluble  plates  or  small  prisms. 

1 :  4' -AmidonaphtJialenesulphamidc,  C10H6(NH2)SO2.NH2,  is 
formed  by  the  action  of  hydriodic  acid  on  the  corresponding 
nitro-derivative.  It  is  almost  insoluble  in  cold,  more  readily 
in  hot  alcohol,  and  crystallizes  in  lustrous,  colourless  tablets, 
melting  at  259 — 260°.  It  forms  a  crystalline  hydrochloride  and 
sulphate,  and  on  treatment  with  acetic  anhydride  yields  the 
mono-  and  di-acetyl  derivatives,  which  melt  at  231-232°  and  200° 
respectively.1 

1 :  V -Naphthylaminesulphonic  acid.  According  to  Schoell- 
kopfs  patent,  two  nitronaphthalenesulphonic  acids  are  formed 
when  a-naphthalenesulphonic  acid  is  first  treated  with  concen- 
trated sulphuric  acid  and  then  with  nitric  acid.  These  are 
converted  by  reduction  into  the  amido-acids,  one  of  which  forms 
a  readily  soluble  sodium  salt  and  was  shown  by  Erdmann  to  be 
the  1  : 4'-  acid,  whilst  the  other,  the  sodium  salt  of  which  is 
sparingly  soluble,  is  the  1:1'-  acid.2  The  latter  crystallizes  in 
white  needles,  which  dissolve  at  21°  in  4,800  parts  of  water. 
When  a  few  cc.  of  this  solution  are  treated  with  a  drop  of  ferric 
chloride,  a  fine  violet  colouration  is  gradually  produced;  if 
more  of  the  reagent  be  added,  turbidity  is  produced,  accom- 
panied by  an  inky  colouration,  which  disappears  when  the 
solution  is  boiled,  a  grey  or  yellowish-brown  precipitate  being 
formed.  The  constitution  of  the  acid  has  been  determined  by 
Erdmann  by  converting  it  into  a-naphthylamine  and  a-naphtha- 
lenesulphonic acid  ;  only  three  a-a-naphthylaminesulphonic  acids 
can  exist,  two  of  which  have  already  been  described,  and 
therefore  this  compound  must  be  the  third  possible  isomeride. 
When  the  l-l'-diazonaphthalene  acid  is  decomposed  by  water,  the 
corresponding  naphtholsulphonic  acid  is  not  obtained,  but  naph- 
thosuitone  is  formed  (p.  103),  and  similarly  chloronaphthosul- 
tone  is  obtained  by  the  action  of  phosphorus  pentachloride. 
1  Ekbom,  Ber.  23,  1119.  2  Annalen,  247,  318. 
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Sodium  1 :  V -naphthylaminesulphonate,  C10H8NSO3Na,  crys- 
tallizes from  hot  water  in  somewhat  coarse  tablets  or  elegant 
plates,  which  dissolve  at  24°  in  887  and  at  100°  in  374  parts  of 
water. 

a-NAPHTHYLAMINE-/3-SULPHONIC  ACIDS. 

2647  1 :  % -Naphthylaminesulphonic  acid,  termed  by  Cleve 
/3-amidonaphthalenesulphonic  acid,  is  formed  by  the  reduction  of 
the  corresponding  nitrosulphonic  acid,  and  crystallizes  in  anhy- 
drous rhombic  tablets  or  slender  pliant  needles,  which  contain 
two  molecules  of  water  and  are  very  slightly  soluble  in  hot,  more 
readily  in  boiling  water.  On  heating  with  phosphorus  chloride 
it  is  converted  into  1  : 3'-dichloronaphthalene.  Its  salts  have 
a  yellow  colour. 

Sodium  l:3'-napMhylaminesulphonate,C10H8NSOsNa,,is  readily 
soluble  in  water,  and  crystallizes  in  thin  rhombic  tablets. 

Calcium  1 : 3'-naphthylaminesulphonate,(C-l0H.sNSOi)2Ca,+ 7H20, 
forms  lustrous  rhombohedra. 

Barium  1 : 3'-naphthylaminesidphonate,  (C10H8NSO3)2Ba+H2O, 
crystallizes  in  flat  needles  and  is  readily  soluble  in  water.1 

1  :  3'-Amidonaphthalenesulphamide,  C10H6(NH2)SO2NH2,  is 
formed  by  the  action  of  hydriodic  acid  on  the  corresponding 
nitro-compound.  It  is  readily  soluble  in  hot  alcohol,  from  which 
it  crystallizes  in  slender  silky  needles  melting  with  decom- 
position at  218 — 219°.  The  monacctyl  derivative  forms  light 
red  needles,  melting  at  238— 239°.2 

1  :  2' '  -Naphthylaminesulphonic  acid,  which  was  termed  7-amido- 
naphthalenesulphonic  acid  by  Cleve,  was  also  prepared  from  the 
corresponding  nitrosulphonic  acid,  and  forms  small  yellow, 
sparingly  soluble  needles.3 

Sodium  1  :  2' ' -naphthylaminesulphonate,  C10HsNSO3Na,  forms 
readily  soluble,  anhydrous  scales. 

Barium  1 : 2' '  -naphthylaminesulphonate,  (C10H8NSO3)2Ba+H2O, 
is  also  readily  soluble  and  crystallizes  in  thin  plates.  The 
calcium  salt  is  very  soluble  and  separates  from  a  syrupy  solution 
in  needles.4 

1 : 3-Maphthylaminesidphonic  acid,  which  Cleve  named  di- 
amidonaphthylaminesulphonic  acid,  forms  crystals,  which  contain 
a  molecule  of  water.  The  solutions  of  its  salts  assume  a  violet 
colour  in  the  air. 

1  Bull  Soc.  Chim.  26,  444.  2  Ekbom,  Ber.  24,  329. 

3  Ber.  19,  2179.  *  Ber.  21,  3271. 
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Sodium  1 :  %-napMhylamincsulphonate,  2C10H8NSO3Na+H2O 
crystallizes  in  thin,  very  soluble  needles. 

Barium  1  :  %-napihthylaminesulphonate,  (C10H8NSO3)2Ba,  is 
sparingly  soluble  and  crystallizes  in  flat  tablets.1 

1 :  2-NapMhylamincsulplionic  acid  is  formed  when  a-naphthyl- 
amine  is  heated  with  five  parts  of  concentrated  sulphuric  acid 
to  125 — 130°  for  eight  to  nine  hours,  the  first  formed  1  :  4-  and 
1  :  4'-  acids  being  converted  into  this  compound,  which  is  termed 
a-naphthylamine-S-sulphonic  acid  by  Hirsch.  Its  constitution 
follows  from  the  fact  that  only  seven  a-monosulphonic  acids  of 
naphthalene  can  exist,  and  the  constitution  of  the  other  six  is 
known. 

It  crystallizes  in  rhombic  tablets,  which  dissolve  in  150  parts 
of  boiling  water  and  480  parts  of  cold  water.  Its  sodium  salt  is 
very  readily  soluble  but  is  precipitated  by  common  salt. 

Barium  1  : 2-naphihylaminesulphonaie,(C10H.a~NSOs)  J5a,,CTystal- 
lizes  in  three-sided  serrate  tablets,  which  are  sparingly  soluble 
in  water.2 


a-NAPHTHYLAMINEDISULPHONIC  ACIDS. 

2648  Two  compounds  of  this  composition  are  manufactured 
and  employed  for  the  preparation  of  azo-colouring  matters. 

a-NapMhylamine-4>-2' -disulphonic  acid,  C10H5(NH2)(SO3H)2 
is  formed  by  the  action  of  fuming  sulphuric  acid  on  naphthionic 
acid  at  a  low  temperature,  and  can  be  separated  from  the  iso- 
meric acids  which  are  formed  at  the  same  time  by  means  of  its 
calcium  salt,  which  is  insoluble  in  alcohol.  This  is  then  con- 
verted into  the  sodium  salt  and  hydrochloric  acid  added,  which 
precipitates  the  disulphonic  acid  in  the  form  of  a  white  powder.3 
It  is  converted  by  the  diazo-reaction  into  1 :  2'-naphthalenedi- 
sulphonic  acid.4 

a-Naphthylamine-3 :  V -disulphonic  acid  is  formed  when  naph- 
thalene is  heated  to  90 — 110°  with  five  parts  of  ordinary 
sulphuric  acid,  the  product  nitrated,  and  the  nitro-acid  precipi- 
tated from  the  solution  by  common  salt  and  reduced.  The  pure 
acid  is  obtained  from   the  product   by  converting  it  into  the 

1  Ber.  21,  3264.  "  Ber.  21,  2370. 

3  Dahl  and  Co.,  Ber.  21,  119  c. 

4  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1890,  16- 
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normal  sodium  salt  and  adding  hydrochloric  acid,  which  pre- 
cipitates the  acid  sodium  salt.  The  free  acid  crystallizes  with 
three  molecules  of  water  in  scales  which  have  a  fatty  lustre  and 
are  very  freely  soluble  in  hot  water.  The  normal  sodium  salt 
C10H5(NH2)(SO3Na)2  +  6H2O,  forms  very  readily  soluble  needles, 
or  thin  prisms ;  the  acid  salt  C10H6(NH2)(SO3Na)(SO3H)  +  2H2O 
crystallizes  in  similar  forms,  but  is  only  very  sparingly  soluble 
in  cold  water.  Bernthsen  has  converted  this  acid  into  the 
corresponding  naphtholdisulphonic  acid  (p.  107)  by  means  of 
the  diazo-reaction.1 

a-Naphthylamine-4i :  V -disulphonic  acid,  (S)  is  formed  by  the 
sulphonation  of  a-naphthylamine-a-sulphonic  acid,2  and  also  by 
the  reduction  of  the  product  of  the  direct  nitration  of  1  :4'- 
naphthalenedisulphonic  acid.3 

The  acid  sodium  salt,  C10H6(NH2)(SO3Na)(SO3H)  +H20, 
crystallizes  in  long  prismatic  needles. 

a-Naphthylaminc-4< :  3' '-disulphonic  acid  is  formed,  together 
with  the  1:4: 2'-acid  and  a-naphthylaminetrisulphonic  acid 
by  the  sulphonation  of  naphthionic  acid.  It  is  converted 
into  1:4:  3'-trichloronaphthalene  by  the  diazo-reaction,  followed 
by  distillation  with  phosphorus  pentachloride.4 


THE  SULPHONIC  ACIDS  OF/3-NAPHTHYLAMINE. 

2649  fi-NapMhylaminc-a-sulphonic  acid  (2 : 1')  is  obtained, 
together  with  its  isomerides,  when  /3-naphthylamine  is  heated 
to  140°  with  three  to  four  parts  of  sulphuric  acid,5  and  when 
a  salt  of  /3-naphthol-a-sulphonic  acid  is  heated  with  ammonia 
under  pressure.6  Hydrochloric  acid  precipitates  it  from  solutions 
of  its  salts  in  matted  needles,  which  dissolve  in  about  1,700  parts 
of  cold  water.  This  solution  and  those  of  its  salts  show  a  blue 
fluorescence.  It  is  converted  by  phosphorus  pentachloride  into 
1 : 2'-dichloronaphthalene. 

1  Ber.  22,  3327. 

2  SchoUkopf  Co.,  German  Patent  40571,  Ber.  20,  667  E. 

8  Bernthsen,    Ber.    22,    3328.      Armstrong   and   Wynne,   Proc.    Clicm.    Soc. 

1890, 126. 

4  Dahl  and  Co.,  German  Patent  41957,  1886  Armstrong  and  Wynne,  Proc. 
Chem.  Soc.  1890,  125. 

5  Forsling,  Ber.  20,  2099  ;  22,  619. 

6  Bayer  and  Duisberg,  Ber.  20,  1426. 


196  NAPHTHALENE  DERIVATIVES 


Sodium  (H-naphthylamine-a-sulplumate,  C10H8NSO3Na,  crystal- 
lizes in  thin,  four-sided  plates,  which  are  insoluble  in  alcohol. 

The  a?nmonium  salt  forms  large,  very  soluble  prisms  (Green). 

Calcium,  fi-naphthylamine-a-sulphonatc,  (C10H8NSO3)2Ca  + 
6H20,  forms  large  thick  tablets,  soluble  in  eleven  parts  of  cold 
water. 

Barium  [i-naphthylamine-a-sulphonate,  (C10H8NSO3)  2Ba+  4H20, 
is  very  freely  soluble  in  hot  water  and  crystallizes  in  aggregates 
of  splendid  prisms. 

ft-N~aphthylaminc-/3-siclphonic  acid  (2  : 3'),  always  accompanies 
its  isomerides  in  larger  or  smaller  quantity  according  to  the 
temperature  at  which  the  sulphonation  is  carried  out.  It  is 
manufactured  by  heating  ammonium  /3-naphthol-/3-sulphonate 
with  lime  or  caustic  soda  and  water  to  180°  in  autoclaves.1  It 
crystallizes  with  one  molecule  of  water  in  silky  scales,  plates,  or 
flat  needles,  whilst  according  to  Green,  when  perfectly  pure  it 
forms  coarse,  prismatic  needles,  which  are  sparingly  soluble  in 
water,  the  solution  showing  a  blue  fluorescence.  It  may 
be  converted  by  the  diazo-reaction  into  2 : 3'-dichloronaph- 
thalene. 

Sodium  fi-naphthylamine-/3-sulphonate,  C10H8NSO3Na-l-2H2O, 
forms  silky  needles,  which  are  freely  soluble  in  alcohol,  but  only 
sparingly  in  water. 

The  ammonium  salt  crystallizes  in  large,  thin  tablets,  which 
have  a  blue  fluorescence,  and  is  less  readily  soluble  than  the 
ammonium  salts  of  the  isomeric  acids. 

Calcium,  /3-naphthylamine-f3-sulphonate,  (C10HgNSO8)2Ca  + 
6H20,  is  only  very  slightly  soluble  in  cold  water  and  crystallizes 
in  splendid  silky  plates. 

Barium  ^-naphthylaminc-^-sulphonate,  (C10H8NSO3)2Ba  + 
6H20,  forms  long  silky  needles,  sparingly  soluble  in  cold  water.2 

The  copper  salt  is  very  characteristic,  forming  lustrous  crystals 
resembling  those  of  mosaic  gold,  which  are  scarcely  soluble  in 
cold  and  only  sparingly  in  hot  water.  The  lead  salt  is  im- 
mediately precipitated  when  lead  acetate  is  added  to  a  solution 
of  the  sodium  salt.3 

On  sulphonation  the  2  :  3'-  acid  is  converted  into  the  2:1:  3'- 
disulphonic  acid,  accompanied  by  a  smaller  quantity  of  2  : 1' :  3'- 
acid.4 

1  Farbenfabrik,  vormals  Brbnner,  Bcr.  16,  1517. 

2  Forsling,  Ber.  20,  76. 

8  Aetiengesellseh.  Anilinfabr.,  Bcr.  21,  816  R. 

4  Armstrong  and  Wynne,  Proc.  C'hem.  Soc.  1890,  130. 
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@-Naphthylamine-y-sulphonic  acid  (2  :  4')  is  obtained,  accom- 
panied by  the  a-acid,  when  /3-naphthylamine  is  mixed  with 
fuming  sulphuric  acid,  containing  20  per  cent,  of  trioxide,  and  al- 
lowed to  stand  for  two  or  three  days,  the  mixture  being  occasionally 
stirred,1  or  when  such  a  mixture  is  heated  for  a  short  time  to 
70 — 80c.2  It  crystallizes  in  small  tablets,  and  may  be  separated 
from  the  a-acid  by  the  insolubility  of  its  sodium  salt  in  alcohol, 
and  from  the  other  isomerides  by  means  of  its  barium  salt, 
which  is  readily  soluble  in  cold  water,  and  crystallizes  with  some 
difficulty  in  nodular  aggregates  ;  the  ammonium  salt,  which  is  also 
readily  soluble,  forms  tablets.  When  the  amido-group  is  re- 
placed by  bromine,  2  : 4'-bromonaphthalenesulphonic  acid  is 
formed,  and  this  on  heating  with  phosphorus  chloride  is  con- 
verted into  1  : 3-dichloronaphthalene.3  This  acid  is  converted 
by  sulphonation  into  a  mixture  of  the  2  :  4'  :  2'  and  2:1: 4'-di- 
sulphonic  acids.4 

fS-Naphthylamine-h-sulphonic  acid  (2 :  2')  is  formed,  together  with 
the  /3-acid,  when  one  part  of  yS-naphthylamine  sulphate  is  brought 
into  three  parts  of  sulphuric  acid  heated  to  150°,  and  the 
mixture  kept  at  this  temperature  for  one  or  two  hours.5  These 
two  acids  can  be  obtained  in  the  same  way  from  the  a-  and  7- 
acids.6  In  order  to  separate  them,  the  mixture  is  repeatedly 
crystallized  from  luke-warm  water,  in  which  the  8-acid  is  much 
more  soluble  than  the  Bronner  acid,  as  the  /3-compound  is 
usually  called.  The  same  end  may  be  much  more  rapidly 
attained  by  preparing  a  solution  of  the  mixed  sodium  salts,  and 
adding  copper  sulphate  solution  as  long  as  a  precipitate  is 
formed ;  the  latter  consists  of  the  insoluble  copper  salt  of  the 
/3-acid,  whilst  the  sodium  salt  of  the  S-acid,  which  is  not 
precipitated  by  copper  sulphate  remains  in  solution.  The  7- 
acid  prepared  from  this  may  be  easily  purified  by  conversion 
into  the  calcium  or  barium  salt,  which  is  repeatedly  re-crystal- 
lized and  then  decomposed  by  acid.  The  S-acid  is  also  formed 
when  a  salt  of  /3-naphthol-S-sulphonic  acid  is  heated  under 
pressure  with  ammonia.  It  crystallizes  in  long,  silky  needles, 
containing  one  molecule  of  water,  which  is  lost  on  boiling  with 
water,   the    crystals   falling   to  a  sandy  powder,  which   under 

1  Dahl  and  Co.,  German  Patents  29084,  32271,  32276. 

2  Green,  Journ.  Chem.  Soc.  1889,  1,  33  ;  Ber.  22,  721. 

3  Sindall,  Proc.  Chem.  Soc.  1889,  118. 

4  Armstrong  and  "Wynne,  Proc.  Chem.  Soc.  1890,  129. 

«  Bayer  and  Duisberg,  Ber.  20,  1426 ;  Weinberg,  Ber.  20,  2906  ;  Schulte, 
Bcr.  20,  3158.  6  Weinberg,  Ber.  20,  3353. 
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the  microscope  presents  the  appearance  of  fragments  of  prisms, 
and  is  scarcely  soluble  in  cold,  very  sparingly  in  hot  water. 
It  may  be  converted  into  2  :  2'-dichloronaphthalene  by  the  diazo- 
reaction.1 

Sodium  /3-naphthylamine-8-sulphonate,  C10H8NSO3Na  +  4H20, 
is  sparingly  soluble  in  cold,  readily  in  hot  water,  and  crystallizes 
in  lustrous  plates  which  have  a  reddish-blue  fluorescence. 

The  ammonium  salt  is  moderately  soluble  in  water,  and  crys- 
tallizes in  small  tablets. 

Calcium  ft-naphthylamine-h-sulphonatc,  (C10H8NSO8)2Ca  -+- 
6H20,  forms  blue  fluorescent  plates,  which  dissolve  in  260 — 270 
parts  of  cold  water. 

Barium  fi-napMhylaminc-$-sulphonate,  2(C10H8NSO3)2Ba  + 
9H20,  is  readily  soluble  in  hot  water,  and  dissolves  in  400  parts 
of  cold  water ;  it  crystallizes  in  fascicular  groups  of  small  plates. 
When  lead  acetate  is  added  to  the  solution  of  the  sodium  salt,  a 
precipitate  is  formed  after  some  time,  and  this  property  may  be 
made  use  of  in  separating  the  S-acid  from  the  /9-acid. 

(3-Napkthylaminedisulphonic  acid  (G),  (2:1':  3'),  is  obtained 
from  the  corresponding  naphthol  derivative,  and  is  also  formed 
when  2  :  l'-naphthylaminesulphonic  acid  is  sulphonated.  It  can 
be  converted  into  1:3:  2'-trichloronaphthalene.2 

ft-JVaphthylaminedisulphonic  acid,  (8)  (2:3:  2^,  is  obtained  by 
the  action  of  ammonia  on  the  corresponding  /3-naphthol 
derivative.3 

fi-Naphthylaminedisulphonic  acid  (2:4: 2'),  is  obtained  by 
the  reduction  of  the  corresponding  nitro-compound,  which  is 
formed  in  small  quantities  by  the  nitration  of  1  : 3'-naphtha- 
lenedisulphonic  acid.4 

a-CMoro-/3-naphthylaminesulphonic  acids.  When  a-chloro- 
/3-naphthylamine  is  treated  with  four  parts  of  sulphuric  acid 
containing  2  per  cent,  of  anhydride,  three  isomeric  mono- 
sulphonic  acids  are  obtained. 

The  1:2: 4>'-acid  is  almost  exclusively  formed  when  the 
mixture  is  heated  to  70°  for  six  hours.  It  is  only  slightly 
soluble  in  water,  from  which  it  crystallizes  in  glistening,  flat 
elongated  prisms,  and  is  best  purified  by  conversion  into  the 
sodium  salt  and  precipitation  by  acid.     Its  salts  crystallize  well 

1  Bayer  and  Duisberg,  loc.  cit. ;  Erdmann,  Per.  21,  637. 

2  Armstrong  and  Wynne,  Proc.  Chcm.  Soc.  1890,  13,  128. 

s  Caaaella  and  Co.,  German  Patent  44079  ;  Armstrong  and  "Wynne,  Proc.  Chcm. 
Soc.  1890,  127  4  Armstrong  and  Wynne,  Proc.  Chcm.  Soc.  1891,  27. 
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but  are  easily  soluble.  After  the  elimination  of  the  amido- 
group,  it  yields  1 : 4'-dichloronaphthalene  on  treatment  with 
phosphorus  pentachloride.1 

The  1:2: 3' -acid  is  the  chief  product  when  the  mass  is 
heated  for  twelve  hours  to  100°.  It  is  somewhat  more  soluble 
than  the  preceding  acid,  and  forms  a  characteristic  sodium  salt, 
which  crystallizes  with  four  and  a  half  molecules  of  water  in 
lustrous  plates.  It  can  be  converted  after  elimination  of  the 
amido-group  into  1 :  3'-dichloronaphthalene. 

The  1:2: 2 '-acid  is  chiefly  produced  if  the  sulphonation  be 
effected  at  160°.  It  is  more  readily  soluble  than  either  of  the 
others,  crystallizes  in  tufts  of  needles,  and  yields  very  soluble 
salts  which  do  not  crystallize  well.  On  eliminating  the  amido- 
group  and  treating  with  phosphorus  pentachloride,  1  : 2'-dichloro- 
naphthalene  is  obtained.2 


/NH\ 
SULPHIMIDONAPHTHALENES,  C10H6<  )0. 

2650  These  compounds,  which  were  discovered  by  Cleve,  are 
formed  by  the  action  of  hydriodic  acid  on  the  chlorides  of  the 
nitro-sulphonic  acids,  whatever  be  the  relative  positions  of  the 
two  side-chains.  They  cannot  be  volatilized  without  decom- 
position, do  not  combine  with  either  acids  or  bases,  and  are  very 
stable  substances.3 

1 :  A'-gulphimidonaphthalme  is  sparingly  soluble  in  acetic 
acid,  from  which  it  separates  in  crystalline  plates  melting  at 
167°.  These  can  be  boiled  for  hours  with  caustic  soda  solution 
without  undergoing  any  considerable  change,  a  small  quantity 
being  dissolved  and  colouring  the  liquid  brown. 

1  :  %  -SulphimidonapMhalene    crystallizes    in    slender    yellow 

needles,  melting  at  180°. 

1 : 2'-Sulphimidonaphthalene  forms  slender,  lustrous,  lemon- 
yellow  needles,  and  melts  at  124°. 

1 : 3-Sulphimidonaphthalene  also  crystallizes  in  yellow  needles, 

melting  at  173°. 

1  Armstrong  and  Wynne,  Proc.  Chem.  Soc.  1889,  34,  48  ;  Chem.  News,  59, 
140,  188. 

2  Armstrong  and  Wynne,  loc.  cit.  '  Ber.  20,  1534. 
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DIAMIDONAPHTHALENES,  OR  NAPHTHYLENE- 
DIAMINES,  C^H^NH^,. 

a-a-DlAMIDONAPHTHALENES. 

2651  1 :  4>-Diamidonaphthalene  was  first  prepared  by  Perkin 
by  the  reductioa  of  azo-a-naphthylamine.1  It  is  also  formed  by 
the  action  of  tin  and  hydrochloric  acid  on  4-nitro-a-naphthyl- 
amine  or  azo-a-naphthylamine  sulphanilic  acid,2  HS03.C6H4.N2. 
C10Hfi.NH2,  and  is  best  prepared  by  making  up  a  solution  of 
diazobenzene  chloride  from  93  grms.  of  aniline,  245  grms.  of 
hydrochloric  acid  of  40  per  cent.,  245  grms.  of  water,  and 
71  grms.  of  sodium  nitrite  dissolved  in  a  small  quantity  of  water, 
and  adding  this  gradually  to  a  well-stirred  luke-warm  solution 
of  143  grms.  of  a-naphthylamine  in  a  litre  of  alcohol  of  90 
per  cent.  Phenylazo-a-naphthylamine,  C6H6.N2.C10H6.NH2,  sepa- 
rates out  as  a  thick  mass  of  green  needles,  with  a  metallic 
lustre ;  this  is  brought  in  quantities  of  6  grms.  into  contact  with 
zinc  dust  and  boiling  water,  and  the  decolourized  boiling 
solution  filtered  into  sulphuric  acid.  The  sulphate  separates  out 
in  lustrous  white  needles,  and  is  then  decomposed  with  sodium 
carbonate  solution,  and  the  base,  which  is  deposited  on  cooling, 
is  finally  filtered  off,  washed  with  a  little  water,  and  rapidly 
dried  on  a  porous  plate.3 

1  : 4-Diamidonaphthalene  is  readily  soluble  in  alcohol  and 
ether,  somewhat  sparingly  in  hot  water,  from  which  it  crys- 
tallizes in  white  needles  or  small  prisms,  which  readily  take  a 
greenish  tint,  have  a  repulsive,  sharp  burning  taste,  and  when 
brought  on  the  tongue  in  somewhat  larger  quantity  produce 
very  violent  pain,  which  lasts  for  some  days.  It  melts  at  120° 
to  a  brown  oil,  which  smells  strongly  of  quinone  on  evaporation, 
and  can  be  distilled  almost  without  decomposition  in  a  current 
of  hydrogen.  Its  aqueous  solution  soon  decomposes,  a  violet 
flocculent  precipitate  being  deposited. 

1  :  4*-Diamidonaphthalene  hydrochloride,  C10H8(NH3C1)2,  crys- 
tallizes from  hot  water  in  lustrous,  four-sided  plates,  which  are 
scarcely  soluble  in  hydrochloric  acid.  When  ferric  chloride  is 
added    to   its   dilute   solution,   the   latter   becomes  green   and 

1  Annalen,  137,  359.  2  Griess,  Ber.  15,  2912. 

3  Bamberger  and  Schieffelin,  Bcr.  22,  1381. 
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then  yellow,  a  brown  precipitate  containing  a-naphthoquinone 
being  formed,  whilst  in  an  acid  solution  the  latter  compound 
alone  is  produced. 

Phenyl-!  :  4<-diamidonaphthalene,  C10H6(NH2)NH.C0H5,  is 
formed  when  a-phenylamido-a-nitrosonaphthalene,  C10H6(NO). 
NHC6H5,  is  reduced  with  stannous  chloride;  it  crystallizes 
from  benzene  in  lustrous  plates  and  from  alcohol  in  well-formed 
lustrous  needles,  melting  at  148°. 

Diphenyl-1  :  i-diamidonaphthalene,  C10H6(NHC6HS)2,  is  ob- 
tained by  the  action  of  zinc  and  glacial  acetic  acid  on  an 
alcoholic  solution  of  a-naphthoquinonedianil  (p.  224).  It  crys- 
tallizes from  alcohol  in  colourless  prisms,  and  melts  at  144".1 

a-Naphthyl-1  :  4>-diamidonaphthalene,  C10H6(NH2)]SrHCj0H7,  is 
obtained  in  a  similar  manner  to  the  phenyl  derivative  from 
a-naphthylamido-a-nitrosonaphthalene,  and  forms  wax-yellow 
microscopic  crystals.2 

Acetyl-1  :  k-diamidonaphthalene  C10H6(NH2)(NH.CO.CH3)  is 
prepared  by  the  reduction  of  4-nitro-a-acetonaphthalide  with 
tin  and  hydrochloric  acid  ;  its  hydrochloride  crystallizes  in  long 
needles,3  and  is  converted  into  diacetyldiamidonaphthalene, 
C10H6(NH.CO.CH3)2,  by  heating  with  sodium  acetate  and  acetic 
anhydride.4  This  substance  may  also  be  obtained  by  the  action 
of  the  anhydride  on  the  base  (Bamberger  and  Schieffelin),  and 
crystallizes  in  lustrous  white  needles,  melting  at  305°. 

ar-Tetrahydro-1  :  4>-diamido7iaphthalene,  C10H10(NH2)2,  is  ob- 
tained in  a  similar  manner  to  the  hydronaphthylamines ;  its 
hydrochloride  forms  a  glittering  crystalline  powder.  Alkalis 
set  free  the  base  as  an  oil,  which  can  be  distilled  under 
diminished  pressure  without  decomposition,  and  solidifies  on 
cooling  to  an  acicular  crystalline  mass,  which  rapidly  becomes 
coloured  reddish-brown,  green,  and  violet  in  the  air,  and  com- 
pletely decomposes  in  a  short  time.  It  rapidly  reduces  the 
salts  of  silver  and  platinum  with  formation  of  a-naphthoquinone, 
and  is  oxidized  by  potassium  permanganate  to  adipic  acid,  its 
constitution  being  thus  shown  (p.  169). 

Diacetyltetrahydro-1  :  4<-diamidonaphthalene,  C10H10(NH.CO. 
CH3)2,  is  formed  when  the  hydrochloride  is  heated  with  sodium 
acetate  and  acetic  anhydride,  and   crystallizes  from  hot  water 

1  Fischer  and  Hepp,  Annalen,  256,  255. 

2  Wacker,  Annalen,  243,  300. 

3  Liebermann  and  Dittler,  Annalen,  183,  229. 

4  Kleemann,  Ber.  19,  334. 
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in  long,  white,  silky  needles,  which  melt  at  285°  (Bamberger 
and  Schieffelin). 

1 :  i'-Diamidonaphthalene  was  obtained  by  Zinin  by  reducing 
impure  a-dinitronaphthalene  with  ammonium  sulphide,  and  was 
termed  by  him  seminaphthalidine.1  De  Aguiar  then  prepared 
it  by  the  action  of  phosphorus  iodide  and  a  little  water  on 
the  pure  nitro-compound.2  It  is  also  readily  formed  when 
a-dinitronaphthalene  is  heated  with  tin,  hydrochloric  acid  and 
alcohol,3  as  well  as  when  1  part  of  1  : 4'-dihydroxynaphthalene 
is  heated  with  10  parts  of  commercial  solution  of  ammonia  or 
5  parts  of  ammonia  solution  saturated  at  — 10°,  the  temperature 
being  first  kept  at  150 — 180°  and  then  raised  to  250— 300°.4 

It  crystallizes  from  hot  water  or  alcohol  in  needles,  and  from 
ether  in  well-developed  prisms,  which  melt  at  189'5°  and  sub- 
lime in  feather-like  aggregates  of  fine  needles.  Its  dilute 
alcoholic  solution  is  coloured  a  fine  but  fugitive  blue  or  violet- 
blue  by  a  drop  of  amyl  nitrite  accompanied  by  one  or  two  drops 
of  hydrochloric  acid.  When  ferric  chloride  is  added  to  the  base 
suspended  in  water  a  bluish-violet  colouration,  followed  by  a 
precipitate  of  the  same  colour,  is  produced.  Potassium  hypo- 
chlorite added  to  the  alcoholic  solution  gives  a  red  colouration, 
followed  by  a  precipitate ;  if  a  drop  of  hydrochloric  acid  be 
added  to  the  solution,  the  colour  is  changed  to  violet  and  a 
blue  precipitate,  which  soon  decomposes,  is  formed.  The  base  may 
be  converted  into  1 :  4'-dichloronaphthalene  by  the  diazo-reaction 
(Erdmann). 

1  :  4>'-Diamidonaphthalene  hydrochloride,  C10H6(NH3C1)2,  forms 
small  white  prisms,  which  are  readily  soluble  in  water.  It  does 
not  separate  out  when  its  hot  saturated  solution  is  allowed  to 
cool,  but  is  completely  precipitated  by  hydrochloric  acid. 

1  :  i'-Diamidonaphthalene  sulphate,  C10H6(NH3)2SO4,  is  pre- 
cipitated by  sulphuric  acid  from  a  solution  of  the  hydrochloride 
in  lustrous  needles.  When  sodium  nitrite  is  added  to  its 
solution,  a  violet  precipitate  of  the  composition,  C20H16N3O3, 
is  formed. 

Tetrahydro-1  :  4<'-diamidonaphthalcne,  C10H10(NH2)2,  was  pre- 
pared by  Bamberger  and  Abrahall  by  dissolving  14  grms. 
of  1  :  4'-diamidonaphthalene  in  200  grms.  of  boiling  amyl 
alcohol  and  adding  18 — 20  grms.  of  sodium  cut  up  into  small 

1  Annalen,  52,  362  ;  85,  329.  2  Ber.  3,  27  ;  7,  306. 

3  Hollemann,  Zettsch.  Chem.  1865,  556  ;  Erdmann,  Annalen,  247,  360. 

4  Ewer  and  Pick,  Annalen,  247,  361. 
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pieces  in  portions  of  4 — 5  grins.  The  base  was  then  extracted 
from  the  amyl  alcohol  solution  by  agitation  with  dilute  hydro- 
chloric acid,  the  solution  concentrated  by  evaporation,  the 
hydrochloride  decomposed,  and  the  base  finally  taken  up  with 
ether.  It  was  then  converted  into  the  pure  carbonate  by  a 
current  of  carbon  dioxide,  again  liberated  by  caustic  soda  and 
distilled  in  vacuo. 

It  crystallizes  from  ether  in  colourless  transparent  prisms, 
with  a  vitreous  lustre,  which  become  coloured  yellow  and 
finally  brown  in  the  air,  melts  at  77°,  and  boils  at  264°  under 
a  pressure  of  60  mm.,  whereas  at  a  temperature  above  360° 
under  the  atmospheric  pressure  it  boils  and  gives  off  ammonia 
very  vigorously.  It  has  a  sharp  smell,  like  that  of  piperidine, 
irritates  the  throat,  is  alkaline  to  litmus,  decomposes  ammonium 
salts,  combines  energetically  with  carbon  dioxide  and  carbon 
disulphide,  and  gives  no  colouration  with  ferric  chloride  in  the 
cold  but  becomes  reddish-brown  on  heating.  It  corresponds 
therefore  with  the  alicyclic  hydrobases  in  all  these  reactions. 

On  the  other  hand,  however,  it  behaves  in  many  respects  as 
an  aromatic  amido-compound,  inasmuch  as  it  forms  diazo- 
compounds,  combines  with  diazo-derivatives  to  form  azo- 
colouring  matters,  and  gives  a  deep  port-wine  red  colouration 
when  it  is  boiled  with  dilute  sulphuric  acid  and  potassium 
dichromate.  Its  double  character  is  also  shown  by  the  fact  that 
when  it  is  dissolved  in  fuming  hydrochloric  acid  and  titrated 
with  a  concentrated  solution  of  sodium  nitrite  in  the  presence 
of  starch  paste  and  potassium  iodide,  the  blue  colouration  is 
produced  as  soon  as  exactly  one  molecule  of  nitrous  acid  has 
been  added. 

As  already  mentioned  (p.  169)  tetrahydro-1  :  4'-diamido- 
naphthalene  is  converted  into  ac-tetrahydro-a-naphthylamine 
when  one  of  its  amido-groups  is  replaced  by  hydrogen,  and  it 
has  therefore  the  following  constitution : 

HC         CH.NH2 


CH, 


2 


CH2 


HC 

HC\/C 
NH2.C.         CH2 

Tetrahydro-1  :  4' ' -diamidonaphthalene     hydrochloride,     C10H10 
(NH3C1)2,  forms  splendid  rhombic  crystals,  and  is  readily  soluble 
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in  water.  Concentrated  hydrochloric  acid  precipitates  it  from 
solution  in  colourless,  strongly  refractive  prisms,  which  have  a 
vitreous  lustre. 

This  salt,  like  the  free  base,  is  optically  inactive,  but  when 
the  latter  is  converted  into  the  acid  tartrate,  this  can  be 
divided  into  two  portions,  one  of  which  is  more  readily  soluble 
than  the  other.  If  the  hydrochloride  be  again  prepared  from 
these  portions,  that  from  the  less  soluble  rotates  the  plane  of 
polarization  to  the  left  and  the  other  to  the  right.1 

The  platinochloride,  C10H10(NH3)2PtCl6,  separates  out  in 
thick  orange-yellow  prisms,  which  contain  water  and  have  a 
vitreous  lustre,  when  a  strongly  acid  solution  of  the  hydro- 
chloride is  treated  with  platinum  chloride  and  evaporated. 
The  compound,  [C10H10(NH2)NH3]2PtCl6,  is,  however,  formed 
as  an  ochre-yellow,  crystalline  precipitate,  when  platinum 
chloride  is  added  to  an  aqueous  solution  of  the  base. 

Tetrahydro-1  -A' -diamidonaphthalcne  sulphate,  C10H16N2SO4+ 
2H20,  crystallizes  in  well  developed  colourless  asymmetric 
prisms  when  alcohol  is  added  to  its  hot  aqueous  solution  and 
the  liquid  allowed  to  cool. 

The  carbonate,  is  a  white  lustrous  powder,  possessing  the  odour 
of  the  free  base,  and  is  a  mixture  of  the  normal  with  the 
acid  salt. 

Diacetyltetrahydro-1 :  k'-diamidonaphthalene,  Cl0H]0(NH.CO. 
CH3)2,  crystallizes  from  alcohol  in  slender,  silky  prisms,  which 
melt  at  262°. 

Biamidotetrahydronaphthyl  thiocarbamide,  CS(NH.C10H10lSfH2)2. 
When  an  ethereal  solution  of  the  base  is  added  drop  by  drop  to 
a  well-cooled  mixture  of  carbon  disulphide  and  ether,  the 
alicyclic  amido-group  alone  is  attacked,  and  the  thiocarbamate, 
NH2.C10H10.NH.GS.SH3N.C10H10.NH2,  is  formed  as  a  lustrous 
crystalline  powder.  It  is  a  weak  base,  can  be  diazotised,  and 
combines  with  diazo-compounds  to  form  azo-colouring  matters. 
By  boiling  with  alcohol  it  is  converted  into  the  crystalline  thio- 
carbamide, which  becomes  resinous  on  recrystallization  and  is 
also  an  aromatic  diamido-compound.  "When,  however,  the  thio- 
carbamate is  decomposed  in  presence  of  litharge,  the  urea 
CO(NH.C10H10.NH2),  is  formed,  which  is  also  a  crystalline 
powder,  readily  decomposes  and  resembles  the  compounds  just 
described. 

Ditetrahydronaphthyl  dithiocarbamide,  CS(NH.C10H10.NH)2CS, 
1  Bamberger,  Bcr.  23,  291. 
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is  formed  when  the  base  is  heated  with  alcohol  and  an  excess  of 
carbon  disulphide,  and  is  a  white  crystalline  powder  which  is 
insoluble  in  acids,  forms  no  azo-colours,  and  cannot  be 
diazotised.1 

1 :  l'-Diamidonaphthalene  was  obtained  by  de  Aguiar  and  by 
Erdmann  from  1 :  l'-dinitronaphthalene,  and  was  also  prepared 
by  the  latter  by  heating  1  :  l'-dihydroxynaphthalene  with 
ammonia  in  the  manner  already  described.  It  crystallizes  from 
dilute  alcohol  in  brittle,  white  needles  melting  at  67°,  which  are 
more  readily  soluble  in  water  and  less  readily  in  chloroform  than 
the  1  :  4'-compound.  When  more  strongly  heated  it  volatilizes, 
forming  a  vapour  which  smells  like  a-naphthylamine.  Its 
solutions  give  a  chestnut-brown  precipitate  with  ferric  chloride, 
and  a  blue  precipitate,  which  becomes  red  in  the  air,  with  pot- 
assium hypochlorite.  It  may  be  converted  into  1 :  l'-dichloro- 
naphthalene  by  the  diazo-reaction. 

1 :  l'-Diamidonaphthalene  hydrochloride,  C10H6(NH3C1)2,  is 
readily  soluble  in  water,  and  is  precipitated  by  hydrochloric  acid 
in  crystals. 

1 :  l'-Diamidonaphthalene  sulphate,  C10H6(NH3)2SO4,  forms 
small  crystals,  which  are  readily  soluble  in  water.  Sodium 
nitrite  added  to  its  solution  produces  a  vermilion-coloured  pre- 
cipitate of  C10H7N3,  which  crystallizes  from  benzene  in  needles 
and  forms  salts  both  with  acids  and  bases;  this  substance  is 
probably  naphthalenediazimide  of  the  following  constitution : 

NH 

/\N 

N 

When  the  hydrochloride  of  1 :  l'-diamidonaphthalene  is 
heated  to  100°  with  benzaldehyde,  hydrochloric  acid  is  evolved ; ? 
this  base  therefore  behaves  as  an  ortho-compound  (Pt.  Ill 
p.  62),3  the  amido-groups  being  in  the  peri-position  (p.  28). 


2 


1 

951. 


Bamberger  and  Abrahall,  Bcr.  22,  OiS  ;  Bamberger  and  Bammann,  Bcr.  22, 
Ladenburg,  Bcr.  11,  1650.  3  Ekstrand,  Ber.  18,  2883. 
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2652  1  : 2-Diamidonaphthalene  was  prepared  by  Griess  by  re- 
ducing azo-/3-naphthylammesulphanilic  acid,  C6H4(SO3)N2.C10H6 
NH2,  with  tin  and  hydrochloric  acid.1  It  may  also  be  obtained 
in  a  similar  manner  from  other  azo-/3-naphthylamine  compounds,2 
and  is  formed  when  2-nitro-a-  and  l-nitro-/3-naphthylamine,3  or 
/3-naphthoquinonedioxime i  are  boiled  with  stannous  chloride 
and  hydrochloric  acid.  It  is,  however,  best  prepared  by  making  up 
a  solution  of  diazobenzene  chloride  (p.  200),  and  adding  an 
alcoholic  solution  of  143  grms.  of  /J-naphthylamine,  and  then 
43  grms.  of  crystallized  sodium  acetate.  Benzene-azo-/3-naph- 
thylamine,  C6H5.N2.C10H6.NH2,  separates  out  in  red  needles,  with 
a  green  lustre,  which  are  filtered  off;  10  grms.  of  these  crystals 
are  dissolved  in  300  grms.  of  acetic  acid  of  16  per  cent.,  and 
zinc  dust  added  to  the  solution  until  the  colour  changes  from 
red  to  light-yellow.  The  boiling  solution  is  then  filtered  and 
allowed  to  run  into  dilute  sulphuric  acid,  the  precipitated 
mass  of  sulphate  washed  with  acidulated  water  and  brought 
into  a  hot  solution  of  sodium  carbonate,  the  temperature  being 
raised  to  the  boiling-point  and  water  added  if  necessary  until  it 
has  all  dissolved.  The  base  separates  out,  when  the  filtered 
liquid  is  allowed  to  cool,  in  small  silver-white  plates  with  a 
satin  lustre,  which  become  coloured  pink  and  then  brown  when 
exposed  to  the  air  in  the  moist  state.5  It  readily  dissolves  in 
alcohol  and  ether,  from  which  it  crystallizes  in  large  prisms 
resembling  those  of  apophyllite,  melts  at  98"5°,  and  has  a  biting 
bitter  taste. 

1 : 2-Diamidonaphthalene  hydrochloride,  C10HG(NH3C1)2,  is 
readily  soluble  in  water,  from  which  it  is  precipitated  by  hydro- 
chloric acid  in  white  plates,  which  readily  lose  some  of  their 
hydrochloric  acid.  Ferric  chloride  added  to  its  solution  pro- 
duces a  green  colouration  which  passes  into  yellow,  an 
amorphous  brown  precipitate  being  finally  formed. 

1 : 2-Diamidonaphthalene  sulphate,  C10H6(NH3)2SO4,  sepa- 
rates in  silvery  plates  when  sulphuric  acid  is  added  to  an 
alcoholic  solution  of  the  hydrochloride. 

1  Lawson,  Ber.  15,  2193.         2  Ber.  18,  800  and  2422  ;  Sachs,  Ber.  18,  3125. 

3  Lawson,  Lellmann  and  Remy,  Ber.  19,  796. 

4  Koreff,  Ber.  19,  179.  5  Bamberger  and  Sckieffelin,  Ber.  22,  1374. 
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1:2:3:  l'-Diamidonaphthalenedisuljohonic  acid  is  obtained  in  the 
form  of  its  acid  sodium  salt,  C10H4(NH2)2(SO3H)(SO3Na)  +  3H2O 
which  crystallizes  in  small  needles,  by  the  reduction  of  the  azo- 
colour  prepared  from  aniline  and  1:3:  l'-naphthylaminedi- 
sulphonic  acid  (e).1 

An  anhydride  of  this  acid  having  the  formula 


S03H 


+  2H,0. 


has  also  been  prepared  by  Bernthsen.  When  the  colouring 
matter  obtained  from  naphtholsulphamidosulphonic  acid  (p.  107), 
and  m-xylidine  is  acted  on  by  caustic  potash,  the  colour  of  the 
solution  changes  to  a  light  reddish-yellow,  and  a  new  azo-colour 
is  found  to  be  in  solution,  which  on  reduction  yields  the 
anhydride  of  the  above  formula.  This  remarkable  reaction 
proceeds  according  to  the  following  equation  : 


(SC^NEy   OH 


SO,— NH 


N=£N.R 


S03Na 


N=N.R 


S03Na 


+  H,0. 


The  acid  is  only  slightly  soluble  in  water,  crystallizes  in  long 
flat  needles,  and  forms  yellow  solutions  in  the  alkalis. 

Mhenyl-1  :  2-diamidonaphthalene,  C10H6N2(C2H3)H,  was  first 
obtained  by  the  reduction  of  l-nitro-/3-acetonaphthalide  (p.  186), 
and  is  also  formed  when  /S-naphthylethylnitrosamine,  010H7N 
(C2H6)NO,  is  allowed  to  stand  for  some  time  with  alcoholic 
hydrochloric  acid  ;  the  isomeric  /3-ethylamido-a-nitrosonaphtha- 
lene  is  first  formed  in  this  reaction,  and  then,  as  an  ortho- 
compound,  loses  water  and  passes  into  the  anhydro-base  : 


,NO 


N 


CtaHh 


^10iJ-6\ 


NH.CH2.CH3 


-  P    T-T  ' 


^NH 


C.CH3  +  H,0. 


The  latter  is  sparingly  soluble  in  hot  water,   from   which   it 

separates  in  nodular  crystals,  whilst  it  crystallizes  from  wood-spirit 

1  Bernthsen,  Ber.  23,  3094. 
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in  short,  thick  prisms,  with  a  diamond  lustre,  which  contain  a 
molecule  of  methyl  alcohol,  melt  at  75°,  and  readily  decom- 
pose with  formation  of  a  crystalline  powder,  melting  at  168°. 
The  hydrochloride,  2(C12H10N2)HCl+3H2O,  crystallizes  in  long 
needles,  and  the  ■platinochloride,  (C12H12N2)2PtCle+3H20,  forms 
slender,  yellow  needles,  which  are  sparingly  soluble  in  water, 
more  freely  in  alcohol.1 

a-Phcnyl-1  :  2-diamidonaphthalenc,  C10H6(NH2)NHC6H6,  is 
formed  when  phenylhydrazine  hydrochloride  is  added  to  a 
boiling  solution  of  /3-amido-a-nitrosonaphthalene  : 


Ci0H6< 


,NO  /NHCLH, 

+  H3N2.C6H5  =  C10H  /  +  H,0  +  N2. 

VNH,  \NH, 


It  crystallizes  from  benzene  in  small  needles,  which  melt  at 
161°,  and  are  moderately  soluble  in  water.2 

/3-Phenyl-l  :  2-diamidonaphthalene  is  prepared  by  the  re- 
duction of  /3-phenylnaphthylamine-azobenzenesulphonic  acid, 
C6H4(SO3H)N=N.G10H6.NH(C6H5),  with  stannous  chloride, 
sulphanilic  acid  being  also  formed.  It  crystallizes  from  alcohol 
or  benzene  in  clear,  flat  prisms,  which  melt  at  136 — 137°,  and 
become  red  on  exposure  to  air,  especially  when  moist.3 

Its  hydrochloride  crystallizes  from  acetic  acid  containing 
hydrochloric  acid,  in  long,  lustrous  needles,  which  are  sparingly 
soluble  in  water  and  are  partially  decomposed  by  it.4  The 
isomerism  of  the  two  phenyldiamidonaphthalenes  is  explained 
by  their  methods  of  formation  : 


PI 


CKrL 


N 


NH, 


— NIL 


"-N< 


H 

C6H5 


Diacetyl-1  :  2-diamidonaphthalenc,     C10H6(NH.CO.CH3)2,     is 
formed   when   a    solution  of    1  : 2-diamidonaphthalene   hydro- 

1  Fischer  and  Hepp,  Bar.  20,  1247  and  2471. 
■  Harden,  Annalen,  255    161. 

3  "Witt,  Ber.  20,  1184. 

4  Lawson  and  Zincke,  Ber.  20,  1167. 
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chloride  in  glacial  acetic  acid  is  boiled  with  sodium  acetate 
and  acetic  anhydride ;  it  crystallizes  from  alcohol  in  white 
needles,  melting  at  2340.1 

Dibenzoyl-1  :  2-diamidonapUhalenc,  C10H6(NH.CO.C6H5)2,  is 
obtained  by  agitating  the  base  with  benzoyl  chloride  and 
caustic  soda  solution.  It  crystallizes  in  faintly-red  plates, 
melts  at  291°,  and  is  sparingly  soluble  in  alcohol  and  glacial 
acetic  acid  and  almost  insoluble  in  water.2 

Phenylamidonaphthyl  carbamide,  C6H5.NH.CO.NH.C10H6.NH2, 
is  formed  when  a  solution  of  1 :  2-diamidonaphthalene  in  ben- 
zene is  treated  with  phenyl  carbimide ;  it  is  a  crystalline  powder 
which  remains  solid  even  at  335°. 

Naphthylenediphenyl  carbamide,  C10H6(NH.CO.NH.C6HB)2,  ac- 
companies the  compound  just  described,  and  resembles  it  in 
its  properties,  but  is  almost  completely  insoluble  in  alcohol. 

Naphthylenediphenyl  thiocarbamide,  C10H6(NH.CS.NH.C6H6), 
is  prepared  in  a  similar  manner  from  phenyl  thiocarbimide,  and 
forms  yellowish  needles,  which  melt  with  decomposition  at 
about  360°.3 

Naphthylenediallyl  thiocarbamide,  C10H6(NH.CS.NH.C3HS)2, 
was  obtained  by  Lellmann  from  the  base  and  allyl  mustard  oil ; 
it  crystallizes  in  slender,  silky  needles,  and  decomposes  at  200° 
into  diallyl  thiocarbamide  and  naphthylcne  thiocarbamide : 

zNH.CS.NH.C3H5  yNH.C3H5 

C10H6<  =     CS<( 

\nh.cs.nh.c3h5  \nh.c3h6 

/NH\ 

>cs. 


+  c10h  /      y 


NH' 


The  latter  remains  as  a  powder,  which  only  melts  at  a  very  high 
temperature.* 

ar-Tetrahydro-1  :  2-diamidonaphthalene,  C10H10(NH2)2,  crys- 
tallizes from  hot  water  in  flat  needles  with  a  satin  lustre,  melts 
at  84°,  and  boils  under  a  pressure  of  81  mm.  at  220°.  It  has 
strong  reducing  properties,  and  is  coloured  a  splendid  carmine- 
red  in  hydrochloric  acid  solution  by  ferric  chloride.  Potassium 
permanganate  oxidizes  it  to  adipic  and  oxalic  acids. 

1  Lawson,  Ber.  18,  801. 

2  Hinsterg  and  ITdranszky,  Annalen,  254,  252. 

3  Schieffelin,  Ber.  22,  1377.         4  Ber.  19,  808. 
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The  hydrochloride,  C10H10(NH3C1)2,  crystallizes  from  hot 
water  in  lustrous  tablets,  whilst  the  sparingly  soluble  nitrate, 
C10H10(NH3NO3)2,  forms  silver- white  plates,  with  a  satin 
lustre. 

The  diacetyl-compound,  C10H10(NH.CO.CH3)2,  crystallizes  in 
matted  silky  needles,  and  melts  at  245°. 

ac-Tctrahydro-1  : 2-diamidonaphthalene  is  only  produced  in 
very  small  quantity,  and  has  the  characteristic  smell,  &c,  of  this 
class  of  compounds.  Its  hydrochloride  crystallizes  in  lustrous 
needles,  and  its  platinochlorida  in  golden-yellow  needles  (Bam- 
berger and  Schieffelin). 

1  :  3-Diamidonaphthalcne  is  not  known  in  the  free  state, 
but  its  hydrochloride  has  been   prepared  by  the  reduction  of 

1  :  3-dinitronaphthalene  with  tin  and  hydrochloric  acid.  It  is 
readily  soluble  in  water,  less  easily  in  alcohol,  gives  a  yellow 
colouration  with  water  containing  nitrous  acid,  and  reacts  with 
a  solution  of  diazosulphanilic  acid  to  form  the  corresponding 
chryso'idine.  These  reactions  show  that  the  base  is  a  meta- 
derivative.  Its  acetyl  compound  crystallizes  from  a  mixture  of 
benzene  and  light  petroleum  in  transparent  prisms,  melting 
at  154— 1560.1 

/3-/3-DIAMIDONAPHTHALENES. 

2  :  2' ' -Diamidonaphthalene  is  obtained  by  heating  2  :  2'-di- 
hydroxynaphthalene  with  ammonia  2  or  zinc  chloride  ammonia  3 
to  250°;  it  is  moderately  soluble  in  hot  water,  from  which  it 
crystallizes  in  silver-white  plates  with  a  satin  lustre,  which 
become  red  on  exposure  to  the  air,  and  melt  at  161°.  It  gives 
no  colouration  with  ferric  chloride ;  most  of  the  salts  are  readily 
soluble  and  the  hydrochloride  is  not  precipitated  from  its 
solution  by  concentrated  hydrochloric  acid. 

2  :  2'-Diphenylamidonaphthalene,  C10H6(NHC6H6)2,  is  obtained 
by  heating  the  corresponding  dihydroxynaphthalene  with  aniline 
and  calcium  chloride  to  280— 290°.4  It  crystallizes  from  benzene 
in  colourless,  lustrous  plates,  melting  at  168°.  The  diacetyl 
derivative  forms  small  yellowish  crystals,  and  melts  at  197-5°. 

2  : 3' -Diamidonaphthalene   is   similarly  prepared   by   heating 

2  : 3'-dihydroxynaphthalene  to  250°  with  ammonia ;  it  crystallizes 
in  plates,  melting  at  216—218°,  and  its  solution  is  coloured 

1  Urban,  Bar.  20,  973.  =  Lange,  Chem.  Zeitsch.  12,  856. 

3  Bamberger  and  Schieffelin,  Bcr.  22,  1384.     4  Clausius,  Ber.  23,  528. 
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green  by  ferric  chloride.  The  sulphate  is  almost  insoluble  in 
cold  water,  and  the  hydrochloride  is  precipitated  by  concentrated 
hydrochloric  acid  (Lange). 

Diamidonaphthalene.  An  isorneride,  the  constitution  of  which 
is  not  known,  is  formed  on  the  reduction  of  the  dinitro- 
naphthalene  obtained  from  dinitronaphthylamine.  Its  hydro- 
chloride is  very  readily  soluble  in  water  and  forms  yellow 
needles.1 


Higher  Amido-Derivatives  of  Naphthalene. 

2653  Diamido-fi-naphthylamine,  C10H5(NH,)S,  is  formed  by 
the  reduction  of  dmitro-/3-naphthylamine  with  tin  and  hydro- 
chloric acid.  The  free  base  has  not  been  obtained,  but  the 
salts  crystallize  well. 

The  normal  hydrochloride,  C10H6(NH2)3,SHC1,  crystallizes 
from  water  in  faintly-yellow  needles  and  loses  one  molecule  of 
hydrochloric  acid  over  soda  lime  in  a  vacuum. 

The  triacetyl  derivative  crystallizes  in  white  needles,  and 
melts  with  decomposition  at  280°;  the  tribenzoyl  compound  is 
slightly  soluble  in  alcohol  and  water,  crystallizes  in  faintly  yellow 
needles,  and  melts  at  277°.2 

Trianilidonaphthalene,  C10H6(NHC6H6)3,  is  formed  together 
with  the  tetranilido-derivative,  as  a  by-product  in  the  pre- 
paration of  rosinduline  by  heating  phenylamido-a-nitrosonaph- 
thalene  with  aniline  and  aniline  hydrochloride.  It  is  much 
more  soluble  in  alcohol  than  the  tetranilido-compound  and 
crystallizes  in  fine  needles,  melting  at  148°.  It  has  faintly  basic 
properties,  and  is  readily  oxidized  to  phenylrosinduline.3 

Tri-p-toluidonaphthalene,  C10H6(NHCrH7)3,  is  prepared  in  a 
similar  manner  to  the  preceding  compound.  It  crystallizes 
from  alcohol  in  white  needles,  which  melt  at  159 — 160°,  and 
gradually  become  red  in  the  air. 

Tetranilidonaphthalene,  C10H4(NHC6H6)4,  is  a  white  crys- 
talline substance,  which  is  very  sparingly  soluble  in  alcohol,  and 
melts  at  1910.4 

1  Loewe,  Ber.  23,  2546  *  Loewe,  Ber.  23,  2546. 

3  Fischer  and  Hepp,  Annalen,  256,  251. 

4  Fischer  and  Hepp,  Ber.  21,  269  ;  Annalen,  256,  250. 


212 


NAPHTHALENE  DERIVATIVES 


THE    AMIDONAPHTHOLS 

2654  2-Amido-a-naphthol,  C10H6(NH2)OH,  was  obtained  by 
Dittler  and  Liebermann  by  the  reduction  of  2-nitro-a-naphthol 
with  tin  and  hydrochloric  acid ; x  it  may  also  be  prepared  in 
this  way  from  <z-naphtho-/3-quinonoxime,  and  forms  a  hydro- 
chloride, which  crystallizes  in  broad,  white  plates.  The  solution 
of  this  salt  colours  pinewood  orange,  and  on  oxidation  yields 
dinaphthyl-/3-diquinone,  C20HuO4.  When  the  alkaline  solu- 
tion of  the  hydrochloride  is  agitated  in  the  air,  imidoxy- 
naphthalene  (p.  221)  separates  out  as  a  violet  film  with  a 
metallic  lustre. 

2-Thiocarbamido-a-naphthol,  CnH7NSO,  is  formed,  together 
with  the  compound  next  described,  when  /3-naphthoquinone- 
phenylhydrazone  is  heated  with  carbon  disulphide  to  250°.  It 
crystallizes  from  alcohol  in  long  needles,  which  melt  with  decom- 
position at  259—260°. 

Carbanilido-a-naphthol,  C17H12N20,  separates  from  chloroform 
in  small  needles,  which  melt  at  232 — 233°,  and  are  readily 
soluble  in  alcohol. 

These  compounds  have  the  following  constitution  :  2 


;g>csH 


;g)CNH.C6H6 


4-Amido-a-naphthol  is  obtained  by  the  reduction  of  4-nitro- 
naphthol  (Liebermann  and  Dittler).  It  is,  however,  best 
prepared  by  boiling  five  parts  of  a-naphthol  orange,  C10H6(ONa) 
N2.G6H4.S03Na,  with  ten  parts  of  strong  hydrochloric  acid,  and 
twelve  parts  of  stannous  chloride.3  The  hydrochloride  is  thus 
obtained,  which  is  readily  soluble  in  water,  with  difficulty  in 
hydrochloric  acid,  and  crystallizes  in  white  needles  or  elongated 
plates,  which  rapidly  become  coloured  violet  on  exposure  to  the 
air  in  the  moist  state.  It  likewise  colours  pine  wood  yellow,  and 
on  boiling  with  ferric  chloride  is  quantitatively  converted  into 

1  Annalcn,  183,  245.  2  Jaeobson  and  Schenke,  Ber.  22,  3241. 

3  Jacobsen  and  Liebermann,  Annalcn,  211,  60. 
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a-naphthoquinone.  The  free  base,  separated  from  the  hydro- 
chloride by  alkalis,  rapidly  blackens  in  the  air. 

4' ' -Amido-a-naphthol  is  formed  when  three  parts  of  sodium 
1 : 4'-naphthylaminesulphonate  are  heated  with  three  parts  of 
caustic  soda,  and  two  parts  of  water  to  240 — 250°  for  eight  to 
ten  hours.     The  hydrochloride  forms  a  white  crystalline  mass.1 

It  differs  from  its  isomerides  in  giving  a  blue  colouring 
matter  with  diazonaphthalenesulphonic  acid. 

2 -A-Diamido-a-naphthol,  C10H6(NH2)2OH,  is  not  known  in 
the  free  state  ;  when  dinitro-a-naphthol  is  treated  with  tin  and 
hydrochloric  acid,  the  compound  C10H6O(NHgCl)2-fSnCl2+2H2O, 
is  obtained,  crystallizing  in  lustrous,  monosymmetric  prisms.2  If 
this  be  decomposed  by  sulphuretted  hydrogen,  the  solution 
evaporated  in  a  vacuum,  and  hydrochloric  acid  added  to  the 
residue,  the  hydrochloride  of  diamidonaphthol  separates  out  in 
microscopic  plates,  which  are  moderately  stable  when  dry,3  but 
rapidly  decompose  when  moist,  the  so-called  di-imidonaphthol 
(p.  222)  being  formed. 

Diacetamido-a-naphthy i  acetate,  C10H5(NH.CO.CH3)2O.  CO.  CH3, 
was  obtained  by  Meerson  by  the  action  of  acetic  anhydride  and 
sodium  acetate  on  the  hydrochloride.  It  crystallizes  from  acetic 
acid  in  microscopic  needles,  which  melt  at  280°  with  decom- 
position. Ferric  chloride  oxidizes  it  to  acetamido-/3-naphtho- 
quinone  (p.  220). 

Triamido-a-naphthol,  C10H4(NH2)3OH,  has  been  prepared  by 
the  reduction  of  trinitro-a-naphthol  with  tin  and  hydrochloric 
acid;  the  compound,  C10H5O(NH8Cl)3  +  SnCl2  +  H2O,  is  thus 
obtained  in  nodular  aggregates  of  prisms.  The  free  base  is  not 
known,  and  its  salts  rapidly  oxidize  in  the  air  to  the  so-called 
amidodi-imidonaphthol.4 

ac-Tetrahydro-1 :  4>'-amidonaphthol,  C10H10(NH2)OH,  is  formed 
when  one  molecule  of  ac-tetrahydro-1  : 4'-diamidonaphthalene  is 
suspended  in  fuming  hydrochloric  acid  and  a  concentrated 
solution  of  one  molecule  of  sodium  nitrite  added  drop  by  drop, 
an  equal  volume  of  water  being  then  added  and  the  mixture 
heated.  As  soon  as  the  evolution  of  nitrogen  has  ceased,  the 
solution  is  filtered,  and  the  hydrochloride,  which  crystallizes  out 

1  Actiengesellschaft  fur  Anilinfabr. ,  German  Patent  49448, 1889,  Ber.  23,  41  c. 

2  Griess  and  Martius,  Annalen,  134,  377 ;  Grabe  and  Ludwig,  Annalen,  154, 
307. 

3  Meerson,  Ber.  21,  1195. 

4  Ekstrand,  Ber.  11,  164  ;  Diehl  and  Merz,  Ber.  11,  1661. 
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on  cooling,  decomposed  with  caustic  soda  solution.  The  amido- 
naphthol  thus  obtained  is  an  oily  liquid,  -which  possesses  the 
sharp  smell  and  other  characteristic  properties  of  the  alicyclic 
hydrobases,  and  is  therefore  insoluble  in  alkalis,  in  spite  of  the 
fact  that  it  is  a  phenol,  although  sodium  acts  upon  it  in  ethereal 
solution  with  evolution  of  hydrogen,  and  it  yields  azo-colours  with 
diazo-compounds  and  a  diacetyl  compound  with  acetic  anhydride. 
Its  hydrochloride,  C10H10(NH3C1)OH,  crystallizes  from  water  in 
long,  vitreous  needles,_and  from  hydrochloric  acid  in  silver- white, 
pearly  plates. 

Diacetyltetrahydro-amidonaphthol,  C10H10(O.CO.CH3)NH.CO 
CH3,  crystallizes  from  dilute  acetic  acid  in  long,  elegant  needles 
resembling  wavellite,  and  melts  at  151 — 15T50.1 

l-Amido-fi-naphthol,  C10H6(NH2)OH,  is  formed  by  the  action 
of  ammonium  sulphide  on  /3-naphthoquinone-a-oxime,2  as  well 
as  by  the  reduction  of  nitro-/3-naphthol  with  tin  and  hydrochloric 
acid.3  It  is,  however,  best  prepared  by  heating  benzene-azo-/3- 
naphthol,  C6H5.N2.C10H6.OH,  or  the  sodium  salt  of  its  sulphonic 
acid,  which  occurs  in  commerce  as  /3-naphthol  orange,  with 
hydrochloric  acid  and  stannous  chloride,4  or  reducing  it  in 
alkaline  solution  with  sulphuretted  hydrogen  (Groves). 

It  is  sparingly  soluble  in  boiling  water,  arid  by  no  means 
freely  in  ether,  showing  a  splendid  blue  fluorescence,  and 
crystallizes  from  the  latter  in  lustrous  plates,  which  rapidly 
become  coloured  dark  when  moist.  Its  ammoniacal  solution 
becomes  dark -brown  when  it  is  shaken  up  with  air,  and  it  is 
oxidized  to  /3-napthoquinone  by  chromic  acid. 

Its  hydrochloride  crystallizes  in  slender  needles,  which  are 
sparingly  soluble  in  water. 

Amido  -  /3  -  naphtholdisulphonic  acid  is  obtained  as  the  acid 
sodium  salt  by  the  reduction  of  the  azo-colours  prepared  from 
the  /3-naphtholdisulphonic  acids  R  and  G.5 

1-Acetamido-fi-naphthol,  C10H6(NH.CO.CH3)OH,  is  formed 
by  a  remarkable  reaction  when  nitro-/3-naphthyl  acetate  is 
treated  with  glacial  acetic  acid  and  zinc  dust,  the  acetyl  group 
beiug  displaced.  It  crystallizes  from  dilute  alcohol  in  plates 
melting   at    225°,    which    decompose    on    further    heating  into 

1  Bamberger  and  Bammann,  Ber.  22,  962. 

2  Stenhouse  and  Groves,  Annalen,  189,  163;  Groves,  Journ.  Chem.  Soc. 
1884,  1,  291. 

3  Liebermann  and  Jacobsen,  he.  cit.  *  Liebermann,  Ber.  16   2858. 
6  Witt,  German  Patent,  49857,  1889,  Ber.  23,  128  c. 
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water  and   ethenylamido-/3-naphthol,  C10H6<^        ">C.CHS ;    the 

latter  is  an  oily  liquid,  which  has  a  characteristic  odour  re- 
sembling that  of  aniseed.1 

l-Thiocarbamido-fi-naphthol,  CnH7NSO,  is  obtained  when 
/3-naphthol  is  heated  to  130 — 140°  with  carbon  disulphide  and 
alcohol,  and  crystallizes  from  alcohol  in  long  needles,  which  melt 
at  248 — 249°.  On  boiling  with  aniline,  caroanilido-@-naphtho\ 
is  formed  : 

C10H  6<^CSH  +  NH2.C6H5  =  C10H6/    ^C.NHC6H6. 

+  H2S. 

This  substance  is  also  formed,  together  with  thiocarbamido-^- 
naphthol,  when  benzene-azo-/3-naphthol  is  heated  with  carbon 
disulphide  (p.  21 0).2  It  crystallizes  from  alcohol  in  small 
needles,  melting  at  167 — 168°. 

2'-Amido-j3-naphthol  is  prepared  on  the  large  scale  by  gradually 
bringing  1  kilo,  of  well-dried  sodium  /3-naphthylamine-S-sulpho- 
nate  into  a  mixture  of  2  kilos,  of  caustic  soda  and  2  litres  of  water 
heated  to  260°,  the  temperature  being  gradually  raised  to  300°  in 
the  course  of  two  or  three  hours.  The  melt  is  dissolved  in  7  litres 
of  water,  partially  neutralized  with  hydrochloric  acid,  and  the 
precipitated  impurities  filtered  off.  The  solution  is  then  con- 
centrated and  the  amidonaphthol  precipitated  by  hydrochloric 
acid.  It  crystallizes  from  alcohol  in  concentrically  arranged 
needles,  and  melts  with  decomposition  at  200°.  It  is  employed 
in  the  preparation  of  azo-colouring  matters.3 

2'  -Phenylamido-fi-naphthol  is  formed  in  the  preparation  of 
2  :  2'-diphenylamidonaphthalene  (p.  210),  and  crystallizes  from  a 
mixture  of  benzene  and  light  petroleum  in  small  needles,  which 
are  readily  soluble  in  alcohol  and  melt  at  163°.4 

Diamido-/3-naphthol  is  obtained  in  the  form  of  its  hydrochloride 
by  the  reduction  of  dinitronaphthol  with  tin  and  hydrochloric 
acid.  It  crystallizes  in  almost  colourless  needles,  which  are 
fairly  stable  when  dry.5 

Triacetyldiamido-fi-naphthol    crystallizes   in    silvery   needles, 

melting  at  203°. 

i  BSttcher,  Ber.  16,  1933.  2  Jacobsen,  Ber.  21,  414. 

3  Bcr.  22,  463  c.  4  Clausius,  Ber.  23,  529. 

6  Loewe,  Ber.  23,  2543. 
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Tribenzoyldiamido-fi-naphthol  melts  at  265°. 

1 :  i'-Diamidodinaphthyldisidphide,  (C10H6(NH2)S)2,  is  formed 
by  the  reduction  of  nitronaphthalenesulphamide  and  of  dinitro- 
dinaphthyldisulphide.  It  crystallizes  from  alcohol  in  lustrous 
scales,  melting  at  192°.  The  hydrochloride  forms  microscopic, 
colourless  needles,  and  is  decomposed  by  water.1 

Biacetodiamidodinaphthyldisulphidc  forms  colourless  scales, 
melting  at  274°  with  carbonization. 

Dipropionyldiamidodinaphthyldisulphidc  melts  at  242°. 

1  :  2>  -Diamidodinaphthyldisulphide,  [C10H6(NH2)S]2,  is  formed 
when  nitronaphthalenesulphamide  is  heated  with  hydriodic  acid 
and  amorphous  phosphorus.  It  is  readily  soluble  in  alcohol 
from  which  it  crystallizes  in  long  needles,  melting  at  166°. 
The  diacetyl  derivative  crystallizes  in  colourless,  microscopic 
needles  and  melts  at  276°  with  decomposition.2 


AMIDODIHYDROXYNAPHTHALENES, 

C10H5(NH2)(OH)2. 

2655  3-Amido-/3-naphtJwquinol  is  obtained  by  the  action  of  tin 
and  hydrochloric  acid 3  or  stannous  chloride  *  on  nitro-/3- 
naphthoquinone.  The  hydrochloride  is  thus  obtained,  and 
crystallizes  in  yellow  tablets,  which  rapidly  become  brown  in  the 
air.  It  can  be  heated  to  140°  with  hydrochloric  acid  without 
undergoing  any  alteration,  reduces  silver  solution  in  the  cold, 
and  gives  a  black-blue  precipitate  with  ferric  chloride.  Ammonia 
produces  a  yellow  precipitate,  which  becomes  superficially  green 
in  the  air  and  gradually  changes  into  a  blue  powder. 

i-Amido-j3-naphthoquinol  has  been  prepared  by  the  reduction 
of  oximidonaphthol,  C10H5O(NH)OH ;  its  hydrochloride  crystal- 
lizes in  tablets,  which  become  black  when  exposed  to  air  in  a 
moist  state.  When  it  is  heated  to  120°  with  hydrochloric  acid, 
it  is  converted  into  hydroxy-a-naphthoquinone ;  oximido- 
naphthol is  deposited  when  ammonia  is  added  to  its  solution.5 

Tria£etyM-amido-/3-naphthoqmnone,G10Ki(]SK.CO.CKs)(OCO. 
CH3)2,  is  formed  when  oximidonaphthol  or  amido-/3-naphtho- 
quinone  is  heated  with  zinc  dust,  acetic  anhydride  and  sodium 

1  Ekbom,  Ber.  23,  1121.  2  Ekbom,  Ber.  24,  332. 

3  Groves,  Journ.  Ohem.  Soc.  1884,  1,  300.  4  Korn,  Ber.  17,  906. 

5  Grabe  and  Ludwig,  Annalen,  154,  303  ;  Korn,  loc.  cit. 


AMIDOTRIHYDROXYNAPHTHALENE  217 

acetate.  It  crystallizes  from  acetic  acid  in  lustrous  white  needles 
and  is  converted  by  cold  sulphuric  acid  into  acetamido-/3- 
naphthoquinone.1 

Diamidonaphthoresorcinol,  C10H4(OH)2(NH2)2,  is  obtained  by 
adding  amidohydroxynaphthoquinonoxime  (p.  237)  to  a  cold, 
dilute  acid  solution  of  stannous  chloride.  On  the  addition  of 
fuming  hydrochloric  acid,  the  hydrochloride  separates  out  in 
long,  lustrous,  snow-white  needles,  which  change  on  standing 
into  heavy,  granular  crystals.  These  oxidize  in  the  air  and 
become  red ;  the  alkaline  solution  absorbs  oxygen  still  more 
rapidly  and  assumes  a  deep  carmine-red  colour,  amidohydroxy- 
a-naphthoquinone  being  slowly  deposited  on  the  subsequent 
addition  of  hydrochloric  acid  ;  if,  on  the  other  hand,  the  alkaline 
solution  be  boiled,  ammonia  is  evolved  and  the  liquid  becomes 
blue,  a  salt  of  the  amidohydroxyquinone  being  formed.  The 
unstable  red  product  is  most  probably  a  salt  of  amidohydroxy- 
naphthoquinonimide,  the  formation  of  the  amidohydroxyquinone 
being  represented  by  the  following  equations : 2 

NH.  NH 

I  II 

/G=C.OH  /C— C.OH 

CaH4<         |  +  0  =  C6H4/        ||  +  H20 

\C=C— NH2  \C— C.NH, 

II 
O 

o 

II 

/C— C.OH 

=  C6H4<         ||  +  NH3. 

\C_C.NH2 

II 
0 

2 : 2' ' -Dihydroxy-a-7iaphthylamine  is  obtained  by  reducing 
1:2: 2'-hydroxynaphthoquinonoxime  (p.  237)  with  stannous 
chloride.  The  hydrochloride  forms  small  greyish,  lustrous  needles 
or  plates,  and  readily  becomes  coloured  blue  in  the  air.3 

2656  Amidotrihydroxynaphthalene,  C10H4NH2(OH)3.  When 
sodium  nitronaphthalenate,  C10H4(NO2)(ONa)O2,  is  brought  into 
a  strongly  acid  solution  of  stannous  chloride,  and  the  bluish- 

1  Meerson,  Ber.  21,  2516. 

?  Kehrmann  and  Weichardt,  /.  Fr.  Chem.  II.  40,  179. 

3  Clausius,  Ber.  23,  521. 
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black  mass  of  crystals  which  is  formed  heated  on  the  water-bath 
with  a  little  zinc  until  the  solution  is  almost  colourless,  the 
hydrochloride,  C10H4(OH)3NH3C1,  is  formed,  which  crystallizes  in 
large,  long  monosymmetric  prisms.  On  the  addition  of  sodium 
carbonate  to  the  concentrated  solution  of  this  salt,  the  base 
separates  out  as  a  greyish-white  crystalline  mass,  which  after  a 
short  time  oxidizes  and  becomes  blue,  amidohydroxyquinone 
being  formed ;  the  latter  separates  out  in  long,  brownish-violet 
needles,  when  the  solution  of  the  hydrochloride  is  allowed  to 
stand  in  the  air. 

Tetraeetylamidotrihydroxynaphthalenc,  C10H4(NH.CO.CH3)  (0. 
CO.CH3)3,  forms  crystals,  melting  at  145°,  which  dissolve  without 
change  in  fuming  nitric  acid  and  are  not  attacked  by  an  acetic 
acid  solution  of  chromium  trioxide  in  the  cold.1 


AMIDO-DERIVATIVES  OF  a  NAPHTHOQUINONE 

2657  Methylamido-a-naphtlwquinone,  CH3.NH.C10H5O2,  is  formed 
when  an  alcoholic  solution  of  the  quinone  is  evaporated  with 
methylamine  acetate.  The  concentrated  solution  is  diluted 
with  water,  and  the  precipitate  dissolved  in  alcohol  and  boiled 
with  animal  charcoal ;  it  is  thus  obtained  in  red,  lustrous  needles, 
melting  at  232°.2 

Plimpton  has  also  prepared  the  following  compounds,  which 
likewise  crystallize  in  red  needles  : 

Melting-point, 
Dimethylamido-a-naphthoquinone,  (CH3)2N.C10H6O2    .     118° 
Ethylamido-a-naphthoquinone,  C2H5.NH.C10H5O2     .    .     140° 

Phenylamido-a-naphthoquinone,  or  Anilido-a-naphthoquinone, 
C6H6.NH.C10H6O2,  is  formed  when  aniline  is  heated  with  an 
alcoholic  solution  of  the  quinone  (Plimpton) : 

C6H6.NH2  +  2C10H6O2  =  C0H5.NH.C10I!5O2  +  C10H0(OH)2. 

It  is  precipitated  by  the  addition  of  acetic  acid,  and  the  mother 
liquor  deposits  a  further  quantity  on  standing  in  the  air  if  an 
excess  of  aniline  is  present,  the  quinol  being  reoxidized  to  the 
quinone. 

1  Kehrmann  and  Weichardt,  J.  Pr.  Chcm.  II.  40,  179. 

2  Plimpton,  Journ.  Chcm.  Soc.  1880,  1,  633. 
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Anilido-a-naphthoquinone  is  also  formed  when  an  acetic  acid 
solution  of  aniline  and  hydroxy-a-naphthoquinone  is  boiled  :  x 

C6H5.NH2  +  HO.C10H5O2  =  C6H6.NH.C10H6O2  +  H20. 

It  crystallizes  from  dilute  alcohol  in  very  lustrous  red  needles, 
which  melt  at  190 — 191°,  and  sublime  with  decomposition.  It 
forms  a  splendid  bright-red  solution  in  concentrated  sulphuric 
acid,  and  dissolves  in  caustic  potash  solution  with  a  purple 
colour.  Tin  and  hydrochloric  acid  or  ammonium  sulphide 
convert  it  into  a  colourless,  very  unstable  reduction  product; 
on  boiling  with  dilute  caustic  soda  solution  or  alcoholic  sulphuric 
acid,  it  decomposes  into  aniline  and  hydroxy-a-naphthoquinone. 
The  following  compounds  have  been  investigated  by  Plimpton 
and  Elsbach  : 2  » 

Melting-point. 

Diphenylamido-a-naphth  oquinone,  (C6H5)  2N.C10H6O2, 
dark  violet  needles 164° 

o-Toluido-a-naphthoquinone,  C7H7.NH.C10H5O9, 

light  red  needles 141° 

j>-Toluido-a-naphthoquinone,  C7Hr.NH.C10H6O2, 

red  needles        202° 

A  number  of  substitution-products  of  these  compounds  are 
known,  some  of  which  are  obtained  directly,  and  others  by 
the  action  of  amido-bases  and  their  substitution-products  on 
a-naphthoquinone  or  its  substitution-products.3 

Amido-a-hydroxynwpMhoquinone,  or  Amidonaphihalenic  acid, 
C10H4(NH2)(OH)O2,  was  prepared  by  Diehl  and  Merz4bythe 
reduction  of  nitronaphthalenic  acid,  the  first  product  being 
amidotrihydroxynaphthalene,  which  then  rapidly  becomes  oxi- 
dized to  amidohydroxynaphthoquinone.  The  latter  crystallizes 
from  alcohol  in  long,  dark  brownish-red  needles  with  a  strong 
bronze  lustre,  becomes  black  at  about  100°,  and  melts  at  a  higher 
temperature,  a  small  portion  subliming  in  slender  needles,  with 
a  bright  metallic  lustre,  whilst  the  greater  part  becomes 
carbonized.  It  forms  deep-blue  solutions  in  the  alkalis,  and  is 
converted  into  2 : 3-dihydroxynapthoquinone  by  hydrochloric 
acid  at  180°.5 

1  Liebermann  and  Jacobson,  Annalen,  211,  82.  2  Ber.  15,  685. 

3  Baltzer,  Ber.  14,  1899  ;  Plagemann,  Ber.  15,  484  ;  Cleve,  Ber.  21,  891  ; 
Knapp  and  Schultz,  Annalen,  210,  189.  *  Ber.  11,  1341. 

6  Diehl  and  Merz,  Ber.  11,  1341. 
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AcetaviMo-a-hydroxynaphthoquinone,C10KiO2(N~H..CO.CIl3)OT[, 
is  formed  when  tetracetylamidotrihydroxynaphthalene  is  treated 
with  cold  concentrated  caustic  potash  solution ;  the  monacetyl 
compound  is  the  first  product,  but  its  colourless  solution  rapidly 
absorbs  oxygen  and  becomes  coloured  blood-red.  On  the  addition 
of  hydrochloric  acid,  acetamidohydroxynaphthoquinone  is  pre- 
cipitated as  a  golden-yellow  crystalline  powder,  which  crystallizes 
from  acetic  acid  in  yellow,  zig-zag  needles,  and  melts  at  219 — 220°. 
It  may  also  be  obtained  by  boiling  amidonaphthalenic  acid  with 
acetic  anhydride.  Its  salts  with  the  alkalis  are  of  a  red  colour 
and  are  crystalline  ;  when  it  is  boiled  with  caustic  potash  the 
solution  becomes  blue  and  deposits  potassium  amidonaphthalenate, 
C10H4(NH2)(OK)O2,  on  cooling  in  black-blue  needles,  with  a 
copper  lustre.1 


AMIDO-DERIVATIVES  OF  ^-NAPHTHO- 
QUINONE 

2658  ^-Amido-ft-naphthoquinone,  C10H5(NH2)O2,  is  obtained 
by  heating  its  acetyl  compound  with  concentrated  sulphuric 
acid,  and  crystallizes  from  alcohol  in  brown  lustrous  plates,  which 
are  soluble  in  ether  and  melt  at  200°.  On  heating-  with  zinc  dust, 
acetic  anhydride  and  sodium  acetate,  it  is  converted  into  tri- 
acetylamido-/3-naphthoquinol. 

Acetamido-fi-naphthoquinonc,  C10H5O2(NH.CO.CH3),  is  formed 
by  the  action  of  ferric  chloride  on  an  acid  solution  of  diaceto- 
diamido-a-naphthyl  acetate  (p.  213),  or  when  the  acetyl  com- 
pound of  di-imidonaphthol  is  oxidized  with  fuming  nitric  acid 
(p.  222).  It  crystallizes  from  alcohol  in  lustrous,  golden-yellow 
plates,  which  melt  with  decomposition  at  198°.2 

Anilido-/3-naphthoquinone,  C10H6O(NC6H5)OH,  is  obtained 
together  with  /3-naphthoquinol  by  heating  /3-naphthoquinone 
with  an  alcoholic  solution  of  aniline.  It  crystallizes  in  red 
needles  or  plates,  with  a  splendid  golden  or  green  lustre,  and 
melts  and  sublimes,  with  partial  decomposition,  above  240°.  It 
is  insoluble  in  water,  sparingly  soluble  in  hot  alcohol,  and  forms 
a  brown  solution  in  sulphuric  acid.  Sulphurous  acid  does  not 
reduce  it  even  on  heating.     It  differs  from  the  a-compound  in 

1  Kehrmann  and  "VVeichardt,  J.  Pr.  Chem.  II.  40,  179. 

2  Meerson,  Her.  21,  1195  and  2516. 
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containing  an  atom  of  hydrogen  which  can  be  replaced  by  metals 
and  alcohol  radicals,  but  is  converted  into  hydroxy-a-naphtho- 
quinone  by  boiling  with  hydrochloric  acid  or  alcoholic  sulphuric 
acid,  in  the  same  way  as  anilido-a-naphthoquinone,  and  is  in 
fact  converted  into  the  latter  by  boiling  with  glacial  acetic  acid,1 
the  change  being  represented  by  the  following  equations : 

.CO— C.OH  /CO— C.OH 

CeH4/  ||  +  H20  =  C0H4<  ||         +  NH2.C6H6 

\C CH  \CO— CH 

II 
NC6H6 

/CO— C.NH.C6H5 

=  C6H4<  ||  "    '      +  H20. 

xCO— CH 

The  alkali  salts  are  resinous,  and  readily  soluble  in  water  and 
alcohol,  but  insoluble  in  alkalis ;  the  barium  salt  crystallizes  in 
small  red  needles,  and  the  silver  salt  is  a  brown  precipitate. 

The  ethers  of  this  substance  are  best  obtained  by  heating  an 
alcoholic  solution  of  anilido-/3-naphthoquinone  and  sodium  with 
the  alkyl  bromides.2     Zincke  has  prepared  the  following  : 

Melting-point. 

C16H10]SrO2.CH3,  yellow  needles 151° 

C16H10NO2.C2H5,  lustrous  red  monosymmetric  prisms  1 04° 

C16H10NO2.C3Hr,  lustrous  red  monosymmetric  prisms  104° 

C16H10NO2.CH(CH3)2,  large  yellowish  red  prisms     .  100° 

Anilidonitro-y-naphthoquinone,  C6H5.NH.C10H4(NO2)O2,  is 
readily  obtained  by  bringing  together  nitro-7-naphthoquinone 
and  aniline;  it  crystallizes  in  dark-violet  needles,  which  melt 
with  decomposition  at  128°. 


IMIDOKETOHYDRONAPHTHALENES 

2659  Imidoketohydronaphthalene,  C10H6O(NH).  This  sub- 
stance, which  is  also  known  as  imido-oxynaphthalene,  separates 
out  in  violet  films,  with  a  metallic  lustre,  when  an  alkaline 
solution  of  2-amido-n-naphthol  is  agitated  with  air : 

/C(OH)=C.NH2  /CO— C=NH 

C6H4/  I  +0  =  C6H4<;  I  +H20 

4\CH=CH  \CH=CH 

1  Zincke,  Ber.  14,  1493  ;  Liebermann  and  Jacobson,  Annalen,  211,  95- 

2  Ber.  15,  279. 
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It  forms  a  fine  violet-coloured  solution  in  alcohol,  from  which 
it  separates  on  evaporation  as  a  dark-violet  satin-like  powder.1 

Amido-imidoketohydronaphthalene,  C10H6(NH2)O(NH).  This 
substance,  which  is  usually  termed  di-imidonaphihol,  is  formed 
by  the  addition  of  ferric  chloride  to  a  solution  of  diamido-a- 
naphthol  hydrochloride.  The  hydrochloride,  C10H8N2O,HCl,  is 
thus  obtained,  and  crystallizes  in  dark-red,  monosymmetric 
prisms  or  tablets  with  a  metallic  lustre,  which  are  readily 
soluble  in  water  but  only  sparingly  in  hydrochloric  acid. 
Ammonia  precipitates  the  base  from  solutions  of  this  salt  in 
yellow  microscopic  needles,  which  are  scarcely  soluble  in  cold 
water  but  readily  in  alcohol.  Reducing  agents  convert  it  into 
diamidonaphthol,  whilst  hydroxy-a-naphthoquinone  is  formed 
when  it  is  treated  with  alkalis  or  acids.  On  heating  with 
sodium  acetate  and  acetic  anhydride  the  acetyl  compound, 
C10H6(NH.CO.CH3)O(NCO.CH3),  is  formed;  this  substance 
crystallizes  from  alcohol  in  thick,  dark-yellow  prisms  and  is 
oxidized  to  acetamido-/3-naphthoquinone  by  fuming  nitric  acid.2 

Diamido-imidokctohydronaphthalene,  C10H4(NH2)2O(NH),  was 
prepared  by  Diehl  and  Merz,  who  termed  it  amidodi-imido- 
naphthol,  by  adding  ferric  chloride  to  a  solution  of  triamido- 
naphthol,  the  hydrochloride,  C10HgN3O,HCl,  being  formed ;  this 
crystallizes  in  scales  with  a  green  metallic  lustre  and  dissolves 
in  water  or  alcohol  with  a  dark-red  colour.  The  base  liberated 
from  this  solution  by  ammonia  separates  from  alcohol  in  dark- 
brown  needles,  and  yields  triamidonaphthol  on  reduction.3 

Oximidoketohydronaphthalene,  or  Oximidonaphthol,  C10H5O 
(NH)OH,  is  formed  when  di-imidonaphthol  is  boiled  with  water  :4 

.CO C.NH2  CO- C.OH 

C6H  /  II  +  H20  =  C6H  /  ||      +  NH3. 

\C(NH)-CH  \C(NH)-CH 

It  is  slightly  soluble  in  water,  readily  in  alcohol,  but  insoluble 
in  ether,  and  crystallizes  in  yellowish-red  needles,  which  melt 
at  195°.  On  boiling  with  acids  or  alkalis  it  is  converted  into 
hydroxy-a-naphthoquinone,  whilst  it  is  reduced  by  tin  and 
hydrochloric  acid  to  amido-/8-naphthoquinol,  which  readily 
changes  into  amido-/3-naphthoquinone.      The  latter  is  isomeric 

1  Liebermann,  Ber.  14,  1310. 

2  Martius  and  Griess,  Annalen,  134,  377  ;  Grabe  and  Liebermann,  Annalcn, 
154,  312  ;  Liebermann,  Ber.  9,  1779  ;  Zincke,  Ber.  15,  481. 

3  Ber.  11,  1661.  *  Grabe  and  Ludwig,  Annalcn,  154,  303. 
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with  oximidonaphthol,  the  constitution  of  which  has  not  yet 
been  determined  with  certainty.1  The  formula  given  above, 
however,  explains  in  a  simple  manner  its  conversion  into  the 
isomeric  amidoquinone : 

O    OH  OHOH  0     0 

II      I  II  II      II 

C— G  yC=G  yC— C 

I 
C=CH 


C„H/        ||  C6H/         |  C6H4 

\C— CH  \C=CH 


NH  NHj  NH2 

Chlorohydroxy-a-naphthoquinonimide,  C10H6O2Cl(NH),  is  ob- 
tained by  heating  an  acetic  acid  solution  of  chloro-/3-naphtho- 
quinonoxime  (p.  234)  with  sulphuric  acid  until  a  small  portion 
gives  a  deep  brownish-red  precipitate  on  dilution  with  water. 
If  the  heating  be  continued,  chlorohydroxy-a-naphthoquinone 
is  obtained.  It  forms  dirty  brownish-red  needles,  is  only  sparingly 
soluble  in  ether  and  light  petroleum,  more  freely  in  benzene, 
and  melts  with  decomposition  at  179 — 180°.2 

Naphthoquinonedianilide,  or  Anilidonaphilioquinonanil,  C6H5. 
NH.C10H5(NC6Hs)O,  was  first  obtained  by  Fuchs  by  heating 
/3-naphthoquinone-/3-oxime  with  aniline  acetate,  but  was  not 
distinguished  by  him  by  any  special  name.3  Goes  then  pre- 
pared it  by  heating  di-imidonaphthol  hydrochloride  with  aniline, 
and  termed  it  diphcnyldi-imidonaphtholf  C10H5(OH)(NC6H6)2. 

Its  constitution  was  ascertained  by  Zincke,  who  showed  that  it 
is  formed  when  an  alcoholic  solution  of  /3-naphthoquinone  is 
heated  with  an  excess  of  aniline,  and  when  anilido-/3-naphtho- 
quinone,  hydroxynaphthoquinone  ethyl  ether  or  oxyimido- 
naphthol  is  boiled  with  aniline  in  acetic  acid  solution.  It 
is,  however,  best  obtained  from  the  hydrochloride  of  di-imido- 
naphthol : 5 

/CO.C.NH2                                        CO-C.NH.C6H5 
C6H4<        ||           +2NH,C8H5  =  C6H/  II 

\C— CH  XC CH 

II  II 

NH  N.C6H5 

+  2NH3. 

I  Meerson,  Ber.  21,  1195  and  2516. 

II  Zincke  and  Schmunk,  Annalen,  257,  144. 
3  Ber.  8,  1022.  4  Ber.  13,  123. 
5  Ber.  14,  1493,  1900  ;  15,  281,  481. 
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The  two  other  naphthoquinonoximes  (pp.  227,  230)  also  yield 
this  substance,  whereas  the  formation  of  isomerides  would  be 
expected.1  It  is  also  formed  when  benzene-azo-a-naphthol  is 
heated  to  100°  with  aniline  or  aniline  hydrochloride,  and  has 
also  been  obtained  from  benzene-azo-a-naphthylamine,  phenyl- 
amido-a-nitrosonaphthalene,  &c.2 

It  crystallizes  from  hot  alcohol  in  long,  deep-red  needles, 
melting  at  187°,  whilst  the  crystals  deposited  from  benzene  are 
short  and  thick,  and  have  a  deeper  colour  and  fine  metallic  lustre. 
When  it  is  heated  with  25  parts  of  a  mixture  of  equal  volumes 
of  sulphuric  acid  and  water  for  12  hours,  it  is  decomposed 
into  hydroxynaphthoquinone  and  aniline.  Its  alcoholic  solution 
is  decolourized  by  reducing  agents,  but  becomes  re-oxidized  in 
the  air.  Sulphuric  acid  and  zinc  dust  added  to  its  solution  in 
acetic  acid  reduce  it  to  aniline  and  naphthalene.  It  yields 
deep  violet-coloured  solutions  in  acids,  the  corresponding  salt 
being  formed. 

Naphthoquinonedianilide  hydrochloride,  C22H16N20,HC1,  forms 

coarse,  lustrous,  yellowish-green  crystals,  and  is  decomposed  by 

water. 

Melting-point. 
Bichloranilidonaphthoquinonanil,3 

C6H4Cl.NH.C10H6(NC?H4Cl)O;red  matted  needles  217—218° 

Bibromanilidonaphth  oquinonanil, 

C6H4BrNH.C10H5(NC6H4Br)O,red  matted  needles       235° 

a-Naphthoquinonedianil,  C10H6(NC6H6)2,  is  formed  as  a  bye- 
product  in  the  preparation  of  rosinduline  (p.  211)  when  the 
operation  is  carried  out  at  150°.  It  is  slightly  soluble  in  alcohol, 
more  readily  in  hot  benzene,  crystallizes  in  splendid  yellow 
plates  with  a  golden  lustre,  and  melts  at  187°.  On  reduction 
it  yields  diphenyl-1  :  4-diamidonaphthalene.4 

Toluidonaphthoquinoneditoluidc,  C7H7NH.C10HS(NC7H7)2,  is 
formed  by  the  gentle  oxidation  of  tritoluidonaphthalene ;  it 
crystallizes  in  orange-yellow  plates,  and  melts  at  147°  (Fischer 
and  Hepp). 

a-Naphthol  Hue,  C18H16N20,  which  is  generally  known  as  indo- 
phmol  comes  into  the  market  as  a  paste,  and  is  prepared  by  oxi- 
dizing a  mixture  of  a-naphthol  and  dimethyl-p-diamidobenzene 

1  Bromine,  Ber.  21,  391. 

8  Fischer  and  Hepp,  Ber.  21,  676. 

3  Fischer  and  Hepp,  Ber.  21,  681. 

4  Fischer  and  Hepp,  Annalen,  256,  254. 
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with  potassium  dichromate  in  alkaline  solution.  It  is  also 
formed  when  an  alkaline  solution  of  a-naphthol  is  heated  with 
nitrosodimethylaniline.  It  separates  from  alcohol  in  irregular 
crystals,  with  a  bronze  lustre,  and  forms  a  yellow  solution 
in  hydrochloric  acid,  which  soon  decomposes  with  formation 
of  dimethyl-p-diamidobenzene  and  a-naphthoquinone.1  Its 
constitution  can  therefore  be  represented  by  one  of  the  follow- 
ing formulae,  according  as  the  diketone  or  peroxide  formula  is 
adopted  for  the  quinones  : 


C6H4< 


C6H4< 


,CO— CH 

II 
^C CH 


11  I    \f!  H 


N< 

I 

O- 


,CeH4N(CH3)2 


^N(CH3)2 

Reducing  agents  convert  it  into  leucoindophenol  or  i?idophenol 
white,  C18H18N20,  which  is  also  sold  as  a  paste,  and  is  obtained 
by  the  action  of  an  acid  solution  of  stannous  chloride  on  the 
blue.  It  is  not  oxidized  by  the  oxygen  of  the  air  in  the 
presence  of  small  quantities  of  acid,  but  undergoes  this  reaction 
in  the  presence  of  alkalis.  Its  solution  in  very  dilute  acetic  acid 
is  employed  in  dyeing,  and  is  taken  up  directly  by  wool  and  silk, 
whilst  cotton  can  only  be  dyed  with  it  after  mordanting  with 
Turkey-red  oil.  To  develop  the  colour,  the  washed  goods  are 
passed  through  a  warm,  dilute  solution  of  potassium  dichromate. 
In  printing,  the  blue  is  usually  taken  and  reduced  by  stannous 
acetate  before  application,  the  colour  being  brought  out  by 
exposure  to  the  air  or  in  the  manner  just  described.  It  is  also 
possible  to  print  on  a  mixture  of  sodium-a-naphthate  and 
dimethyl-j>-diamidobenzene  and  then  pass  the  fabric  through  a 
bath  of  potassium  dichromate.2 

The  colour  thus  produced  resembles  indigo-blue,  and  is 
moderately  fast  to  soap  and  light.  It  is  also  employed  in 
conjunction  with  indigo,  the  latter  being  thus  economised  and 
the  fastness  of  the  indophenol  increased. 

/3-Naphthol  violet,  C]0H16N2O,  was  obtained  by  Meldola  by 
the  action    of  nitrosodimethylaniline  hydrochloride    on  a  hot 
acetic  acid  solution  of  /3-naphthol : 
C10H8O  +  NO.C6H,.N(CH3)2  =  C10H6[NC6H4N(CH3)2]O  +  H20. 

i  Mohlau,  Ber.  16,  2843  ;  18,  2931. 

2  Ber.  12,  2066 ;  Journ.  Chem.  Soc.  1881,  1,  30. 
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The  hydrochloride  thus  obtained  crystallizes  in  needles,  with 
a  bronze  lustre,  resembling  those  of  potassium  permanganate, 
which  are  readily  soluble  in  hot  water  and  alcohol.  Concen- 
trated sulphuric  acid  changes  the  dark-violet  colour  of  the 
solution  to  deep  blue. 

Sodium  carbonate  precipitates  the  base  from  solutions  of  the 
hydrochloride  as  a  dark  flocculent  mass,  and  this  yields  on 
reduction  in  acid  solution  the  hydrochloride  of  the  colourless 
leuco-base,  which  rapidly  becomes  re-oxidized  to  naphthol  violet 
in  the  air.1  The  latter  is  known  commercially  by  the  names 
fast  blue,  new  blue,  and  naphthylene  blue. 

According  to  Nietzki  and  Otto  it  has  the  formula  C18HuN20, 
a  portion  of  the  nitrosodimethylaniline  being  reduced  in  its 
formation  to  dimethyl-p-diamidobenzene.  By  the  action  of 
quinonedichlorimide  on  an  alcoholic  solution  of  /3-naphthol 
these  chemists  obtained  a  reddish -violet  colouring  matter  : 

C6H4(NC1)2  +  C10H7OH  =  C16H9(NH)NO  +  2HC1. 

This  substance  forms  crystalline  salts,  like  Meldola's  compound,  is 
very  stable  towards  acids,  and  forms  a  green  solution  in  sulphuric 
acid,  which  on  the  addition  of  water  becomes  coloured  violet- 
blue  and  finally  red.  Ammonia  precipitates  the  yellow  base 
from  its  salts.  According  to  its  reactions  this  substance 
cannot  be  an  indophenol,  but  probably  has  the  following  consti- 
tution : 


G 


HC^CH        /\/\ 


HC 


C— O- 


Meldola's  compound  appears   to  be  the  dimethyl-derivative,2 
and  the  chloride  would  then  be  : 


,Os 


c10h/n\c6hsn(ch3)2ci. 


1  Ber,  12,  2066 ;  Journ.  Chem.  Soc.  1881,  1,  30. 


Ber.  21,  1744. 
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It  is  employed  to  produce  indigo-blue  shades  on  cotton 
mordanted  with  antimony  and  tannic  acid,  and  in  conjunction 
with  other  colours  for  compound  shades. 

_  Cyanamine,  C26H26N402,  When  freshly  prepared  /3-naphthol 
violet  is  heated  with  alcoholic  caustic  potash  solution  a  base  is 
formed  which  is  almost  insoluble  in  alcohol,  ether  and  benzene, 
but  moderately  soluble  in  chloroform,  from  which  it  crystallizes 
in  very  slender,  black -brown  plates.  It  readily  forms  blue 
solutions  in  dilute  acids,  salts  being  formed  which  can  be 
crystallized  from  alcohol.  The  sulphate  forms  green  scales, 
with  a  metallic  lustre,  the  hydrochloride  tablets  and  prisms  of 
the  same  colour.  Solutions  of  the  salts  cut  off  the  whole  of 
the  spectrum  as  far  as  the  green,  and  leave  the  remaining 
portion  quite  unaltered.1 

A  series  of  greenish-blue  colouring  matters,  which  are 
probably  closely  related  to  the  above,  has  also  been  obtained  by 
the  action  of  aniline,  ^3-toluidine  and  a-naphthylamine  on 
/3-naphthol  violet.2 

Muscarine,  C10H5(OH)  /      \C0H3N(CH3)2C1,  is  formed  by  the 

action  of  nitrosodimethylaniline  on  2  :  2'-dihydroxynaphthalene 
and  is  a  brownish-violet  powder,  which  forms  a  bluish-violet 
coloured  solution  in  hot  water.  It  is  employed  in  the  same  way  as 
Meldola's  blue.3 

Nile  blue,  (C1SH16N30)2S04,  is  formed  by  the  action  of  nitroso- 
dimethyl-m-amidophenol  hydrochloride  on  a-naphthylamine. 
The  hydrochloride  is  thus  obtained  as  a  green  crystalline  powder, 
with  a  strong  bronze  lustre,  which  is  only  slightly  soluble  in 
water,  and  is  therefore  converted  into  the  more  soluble  sulphate, 
which  is  also  a  crystalline  powder  and  dyes  wool,  silk,  and 
mordanted  cotton  a  bright  blue.4 


THE  NAPHTHOQUINONOXIMES,  C10H6O(NOH). 

2660  a-Naphthoquinone-a-oxime  or  a-Nitroso-a-naphthol  is 
formed  together  with  the  a-/3-compound  by  the  addition  of 
dilute  sulphuric  acid  to  an  alkaline  solution  of  a-naphthol  and 

1  0.  Witt,  Bcr.  23,  2247.  2  Hirsch  and  Kalclthoff,  Ber.  23,  2992. 

3  Schultz,  Steintcohlmtheer,  2,  721.       4  Scnultz,  Steinkohlentheer,  2,  722. 
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potassium  nitrite,1  and  may  also  be  obtained  in  a  similar  manner 
by  means  of  a  solution  of  nitrosyl  sulphate  (Pt.  III.  p.  I7l).2 
It  is  also  formed  when  an  alcoholic  solution  of  a-naphthoquinone 
is  boiled  with  hydroxylamine  and  a  little  hydrochloric  acid.3 
It  is  best  prepared  by  heating  a  solution  of  2  parts  a-naphthol 
and  two  parts  zinc  chloride  in  12  parts  alcohol  to  the  boiling 
point,  adding  a  solution  of  1  part  sodium  nitrite,  boiling  the 
solution  for  two  or  three  hours,  and  allowing  the  liquid  to  cool 
and  stand  for  several  hours.  A  mixture  of  the  free  a-naphtho- 
quinone-a-oxime  and  the  zinc  salt  of  the  isomeric  compound 
separates  oat  and  is  filtered  off  and  washed  with  alcohol.  The 
residue  is  treated  with  hot  alcoholic  potash  and  allowed  to  stand 
for  some  time,  the  potassium  salt  of  the  /9-compound,  which 
separates  out  completely,  being  then  filtered  off  and  washed 
with  a  little  alcohol.  The  filtrate  is  diluted  with  water  and 
precipitated  with  hydrochloric  acid,  the  filtrate  from  the  zinc 
salt  being  also  diluted  with  water.  One  hundred  parts  of 
naphthol  gave  40  parts  of  the  a-  and  50  parts  of  the  /3-com- 
pound.4 

a-Naphthoquinone-a-oxime  is  readily  soluble  in  alcohol  and 
ether,  less  freely  in  benzene,  and  crystallizes,  if  pure,  in  colour- 
less needles,  which  decompose  at  about  190°.  It  volatilizes  very 
slowly  with  steam.  It  dissolves  in  the  alkaline  carbonates,  but  is 
precipitated  again  by  carbon  dioxide.  Concentrated  nitric  acid 
converts  it  into  naphthol  yellow,  whilst  it  is  gradually  oxidized 
to  4-nitro-a-naphthol  by  an  alkaline  solution  of  potassium 
ferricyanide. 

Its  salts  are  unstable  ;  those  of  the  alkalis  and  alkaline  earths 
are  soluble  in  water. 

Methyl  a-napMJwquinone-a-oximate,G10H.6N02(GJi^),  is  obtained 
by  the  action  of  methyl  iodide  on  the  brown  insoluble  silver 
salt  and  crystallizes  from  ether  in  needles,  which  melt  at 
98 — 100°  and  form  a  yellow  solution  in  sulphuric  acid.6 

Carbanilido-a-naphthoquinone-a-oxwie,  C10H6O(NO.CO.NH. 
C6H6)  is  formed  when  a  solution  of  a-naphthoquinone-a-oxime 
and  phenyl  carbimide  in  benzene  is  heated.  It  crystallizes  in 
yellow  prisms,  which  become  dark-coloured  at  about  160°,  and 

1  Fuchs,  Ber.  8,  625. 

2  Ilinski,  Ber.  17,  2589. 

3  Goldschmidt  and  Schmid,  Ber.  17,  2064. 

4  Henriques  and  Ilinski,  Ber.  18,  706. 

6  Ilinski,  loc.  tit.  ;  Goldschmidt  and  Schmid,  Ber.  18   2224. 
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melt  at  170°.     It  is  decomposed  by  alkalis  into  carbon  dioxide, 
aniline  and  the  quinonoxime.1 

2  : 3-Dibrom-a-naphthoquinonc-a-oxime,  C10H5Br2NO2,  is  ob- 
tained by  the  addition  of  bromine  to  a  solution  of  the 
quinonoxime  in  glacial  acetic  acid,  crystallizes  from  alcohol  in 
white  needles,  melts  at  174 — 175°,  and  on  heating  with  alkalis 
is  converted  into  bromohydroxynaphthoquinone.2 

a-Naphthoqicinonechlorimide,  C10H6O(NCl),  is  formed  when 
1 : 4-amidonaphthol  is  treated  with  bleaching  powder  solution. 
a-Naphthoquinone  is  simultaneously  formed,  and  combines  with 
the  chlorimide  to  form  the  compound  C10H6O(NCl)  +C10H6O2, 
which  crystallizes  from  dilute  acetic  acid  in  brown  needles, 
melting  at  85°  and  exploding  at  130°,  with  separation  of  carbon 
and  formation  of  a  sharp  smelling  vapour.3 

{3-Naphihoquinonc-IS-oxinu  or  (3-Nitroso-a-naphthol,  is  also 
formed  when  an  alcoholic  solution  of  /3-naphthoquinone  is 
boiled  with  hydroxylamine  hydrochloride.*  It  crystallizes  from 
hot  water  in  yellow  needles,  and  from  benzene  in  yellowish- 
green  needles,  which  melt  at  152°,  and  form  a  dark-yellow  solution 
in  alkalis  and  a  deep  red  solution  in  sulphuric  acid.  It  is  not 
decomposed  by  boiling  alcoholic  potash,  and  is  readily  oxidized 
to  2-nitro-a-naphthol  by  alkaline  potassium  ferricyanide,  whereas 
nitric  acid  converts  it  into  naphthol  yellow.  Its  salts  have 
been  examined  by  Fuchs. 

Potassium  ^-naphthoquinone- fi-oximate,  C10H6NO2K,  separates 
out  from  a  mixture  of  alcoholic  solutions  of  potash  and  the 
quinonoxime  in  green  plates  with  a  metallic  lustre,  which  after 
drying  transmit  yellow  light,  but  appear  to  have  a  colour 
between  that  of  copper  and  of  brass  by  reflected  light ;  the  salt 
is  readily  soluble  in  water. 

Sodium  naphthoquinonoximate,  C10H6NO2Na,  crystallizes  from 
water  in  yellowish  red  prisms,  with  a  strong  reddish-brown 
lustre,  and  is  insoluble  in  concentrated  caustic  soda  solution. 
The  ammonium  salt,  C10H6NO2(NH4),  forms  slender,  green 
needles,  with  a  metallic  lustre,  which  readily  lose  ammonia ;  the 
larium  salt  (C10H6NO2)2  Ba+2H20,  crystallizes  from  hot  water 
in  small,  dirty  yellowish-red  plates  which  have  a  bronze  lustre, 
and  show  a  strong  green  and  purple-red  dichroism. 

Methyl  /3-naphthoquinone-/3-oximate,  C10H6NO2(CH3),  is  pre- 
pared from  the  silver  salt  and  methyl  iodide,  and  is  also  formed 

1  Goldschmidt  and  Strauss,  Ber.  22,  3105.  2  Bromme,  Ber.  21,  386. 

s  Hirsch,  Ber.  13,  1910.  4  Goldschmidt,  Ber.  17,  215. 
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when  an  alcoholic  solution  of  /3-naphthoquinone  is  heated  with 
methylhydroxylamine  hydrochloride.1  It  crystallizes  in  yellowish- 
green  needles,  melting  at  95°,  which  form  a  deep  red-coloured 
solution  in  sulphuric  acid,  and  are  reduced  to  2-amido-a-naphthol 
by  acid  stannous  chloride. 

Ethyl  ^-naphthoquinone- ^-oximate,  C10H6NO2(C2H5)  forms 
flat,  greenish-yellow  needles,  and  melts  at  101°. 

/3- Naphthoquinone- fi-oxime  &ew2o«fe,C10H6NO2C7H6O,  is  formed 
by  the  action  of  benzoyl  chloride  on  the  sodium  salt,  and  separates 
from  glacial  acetic  acid  in  small  yellow  crystals,  melting  at  162°.2 

Carbanilido-fi-naphthoquinone-{3-oxime,  C10H6O  (NO.CO.NH. 
C6H6)  crystallizes  in  greenish-yellow,  microscopic  prisms,  which 
decompose  at  119 — 120°,  and  behaves  towards  alkalis  like  the 
a-a-compound  (Goldschmidt  and  Strauss). 

2>-Bromo-(3-naphthoquinone-(3-oxime,  C10H6BrNO2.  When  bro- 
mine is  added  to  a  solution  of  the  quinonoxime  in  chloroform,  the 
dibromide,  C10H7NO2Br2,  separates  out  after  some  time  in  small 
plates,  melting  at  154 — 155°.  When  this  substance  is  heated 
with  alcohol  it  is  converted  into  bromonaphthoquinone,  which 
separates  from  alcohol  in  yellow,  and  from  glacial  acetic  acid  in 
dark  brown  crystals,  melting  at  175°.  On  heating  with  hydro- 
chloric acid  it  yields  brom-a-naphthoquinone.3 

/3-Naphthoquinone-a-oxime  or  a-Nitroso-j3-naphthol  is  formed 
by  the  action  of  nitrous  acid  on  /3-naphthol.4  In  order  to 
prepare  it,  4  parts  of  the  latter  and  3  parts  of  zinc  chloride 
are  dissolved  in  24  parts  of  alcohol  and  a  concentrated  solution 
of  2  parts  of  sodium  nitrite  added  to  the  boiling  liquid.  The 
zinc  salt  soon  separates  from  the  red-coloured  boiling  solution, 
and  is  converted  by  heating  with  caustic  soda  solution  into  the 
sodium  salt,  which  is  then  decomposed  by  hydrochloric  acid. 
One  hundred  parts  of  naphthol  yield  110 — 115  parts  of  the 
quinonoxime,5 

It  is  thus  obtained  in  yellow  needles,  and  it  also  separates  in 
this  form  from  hot  water,  in  which  it  is  only  slightly  soluble. 
These  contain  water  which  they  readily  lose,  simultaneously 
taking  a  brown  colour.  It  crystallizes  from  alcohol,  ether,  or 
benzene   in    orange-brown    plates   or    short    prisms,  whilst    it 

1  Goldschmidt  and  Schmid,  loc.  oil.  -  "Worms,  Ber.  15   1816 

3  Bromme,  Ber.  21,  386.  '       ' 

4  Fuchs,  Ber.  8,  1026  ;  Stenhouse  and  Groves,  Annalen,  189  145 ;  Ilinski, 
Ber.  17,  2581  ;  Groves,  Journ.  Chem.  Soc.  1884   I-  295. 

5  Henriques  and  Ilinski,  Ber.  18,  704. 
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separates  from  a  boiling  mixture  of  light  petroleum  and 
benzene  in  large,  lustrous,  blackish-brown  pointed  prisms, 
melting  at  110°.  It  is  readily  volatile  with  steam,  and  forms 
a  bright  red  solution  in  sulphuric  acid,  from  which  it  is 
precipitated  by  water.  Dilute  nitric  acid  converts  it  into  1-nitro- 
/3-naphthol. 

This  substance  and  the  isomeric  /3-nitroso-a-naphthol  are 
employed  in  dyeing  under  the  names  of  Gambine  Y.  and 
Gambine  R} 

Potassium,  j3-naphthoqitinone-a-oximate,C10H.6~N02K,  crystallizes 
in  splendid  green  plates  with  a  metallic  lustre,  forms  a  green 
solution  in  water  and  detonates  on  heating. 

Sodium  napMhoquincmoximate,  C10H6NO2Na,  is  a  green  crys- 
talline powder,  which  is  somewhat  sparingly  soluble  in  water 
and  insoluble  in  dilute  caustic  soda. 

The  ammonium  salt  separates  out  when  hot  alcoholic  solutions 
of  naphthoquinonoxime  and  ammonia  are  mixed ;  it  forms  green 
plates,  with  a  metallic  lustre,  which  lose  ammonia  in  the  air. 
The  barium  salt  is  a  green  precipitate  whilst  the  silver  salt  is 
reddish-brown.  When  an  alcoholic  solution  of  silver  nitrate  is 
added  to  a  hot  solution  of  the  quinonoxime,  a  precipitate  con- 
sisting of  microscopic  crystals  of  the  composition,  C10H6NO2Ag 
+  C10H7NO2,  is  formed. 

A  solution  of  a  neutral  copper  salt  is  completely  precipitated 
by  a  solution  of  the  quinonoxime  in  acetic  acid  of  50  per  cent. ; 
the  coffee-brown  precipitate  has  a  metallic  lustre,  dissolves 
in  hot  glacial  acetic  acid  and  in  aniline,  and  is  decomposed 
by  continued  heating  with  caustic  potash,  cupric  oxide  being 
precipitated.  Copper  can  be  separated  from  most  of  the  other 
metals  and  determined  by  this  method.2 

Ferric  salts  give  a  black  precipitate  with  the  acetic  acid 
solution  of  the  quinonoxime,  which  is  difficultly  soluble  in 
hydrochloric  acid,  but  readily  in  aniline.  The  salts  of  aluminium 
and  manganese  are  not  precipitated  in  this  way,  and  can 
therefore  be  readily  separated  from  iron.3 

When  the  solution  of  a  cobalt  salt  is  added  to  that  of  the 
sodium  salt,  a  brownish-red  precipitate  of  the  composition 
(C10H6NO2)2Co  is  formed,  whereas  if  a  solution  of  the 
quinonoxime  in  dilute  alcohol  or  acetic  acid  is  employed    a 

1  Journ.  Soc.  CJiem.  Ind.  1890,  1126. 

a  v.  Knorre,  Ber.  20,  283. 

*  Ilinski  and  Y.  Knorre,  Ber.  18,  2728  ;  v.  Knorre,  loo.  cit. 
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purple-red  precipitate  of  (C10H6NO2)3Co  is  obtained,  which 
dissolves  in  concentrated  nitric  or  sulphuric  acid  and  is  re- 
precipitated  by  water.  Boiling  caustic  potash  solution  also 
only  attacks  it  slowly,  whilst  ammonium  sulphide  decom- 
poses it.  This  reaction  can  be  employed  for  the  separation 
of  cobalt  from  nickel,  since  the  latter  gives  a  brownish-yellow 
precipitate,  (C10H6NO2)2Ni,  which  is  readily  decomposed  by 
acids.1 

Methyl  ft-naphthoquinone-a-oximatc,  C10H6NO2(CH8),  is  ob- 
tained by  heating  the  silver  salt  with  an  ethereal  solution  of 
methyl  iodide.  It  is  readily  soluble  in  alcohol,  moderately  in 
hot  water,  and  crystallizes  from  hot  light  petroleum  in  yellow, 
prismatic  needles,  which  melt  at  75°,  and  form  a  deep  red 
coloured  solution  in  sulphuric  acid. 

Ethyl  naphthoquinonoximatc,  C10HeNO2(C2H5),  forms  yellow, 
silky  needles.2 

Carlanilido-fi-naphthoquinone-a-oxime,  C10H6O  (NO.CO.NH. 
C6H5)  crystallizes  in  slender,  matted  needles,  melting  at  126 — 
128°,  and  is  decomposed  by  alkalis  in  a  similar  manner  to  its 
isomerides  (Goldschmidt  and  Strauss). 

S-Bromo-j3-naphthoquinone-a-omme,  C10H6BrNO2.  The  /S-a- 
compound,  like  the  /3-/3-isomeride,  forms  a  dibromidc,  which 
crystallizes  in  needles,  melting  at  130 — 131°,  and  is  converted 
by  heating  with  alcohol  into  the  monobromo-compound.  The 
latter  crystallizes  in  long  yellow  needles,  and  melts  at  172°. 
(Bromme). 

/3-Naphthoquiiwne-a-oximesulphonic  acid,  C10H6NO2(SO3H),  is 
obtained  by  covering  ammonium  /3-naphthol-/3-sulphonate  with 
16 — 18  parts  of  water,  adding  the  calculated  quantity  of 
sodium  nitrite  solution,  cooling  well  and  adding  hydrochloric 
acid  until  the  salt  has  dissolved  and  the  liquid  has  a  strongly 
acid  reaction.  The  deep  orange-coloured  solution  is  neutralized 
with  ammonia,  and  barium  chloride  added  until  no  further 
green  precipitate  is  produced.  The  latter  is  washed  first  with 
cold  and  afterwards  with  hot  water,  and  is  then  treated  with 
hydrochloric  acid,  which  converts  it  into  a  heavy  orange- 
coloured  crystalline  powder  consisting  of  the  normal  barium  salt, 
(C10H6NO2.SO3)2Ba-|-H2O.  This  substance  crystallizes  from 
boiling  water  in  fascicular  groups  of  long,  flat,  golden  lustrous 
needles.     When  ammonia  is  added  to  its  hot  aqueous  solution 

1  Ilinski  and  v.  Knorre,  Ber.  18,  699 ;  Hintz,  Fresenius'  Zeitsch.  28,  234. 

2  Ilinski,  Ber.  19,  340. 
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the  lasic  salt,  C10H6O.NOBaSO3  +  2H20,  separates  out  in 
microscopic  needles. 

The  free  acid  is  very  readily  soluble  and  remains  in  nodular 
crystals  when  its  solution  is  evaporated.  If  the  finely  powdered 
barium  salt  is  added  to  an  acetic  acid  solution  of  phenol  or 
resorcinol,  and  the  mixture  treated  with  a  little  sulphuric  acid, 
the  liquid  becomes  coloured  a  deep  blue,  which  changes  to  red 
on  the  addition  of  water ;  diphenylamine  also  produces  a  blue 
colouration  which  is  not  altered  by  water  but  is  changed  to 
red  by  alkalis.1 

0.  Hoffmann  found  that  naphthoquinonoximesulphonic  acid 
forms  a  green  colouring  matter  with  iron,2  which  is  manufactured 
on  the  large  scale  and  known  as  Naphthol  green.  In  order  to 
prepare  it,  5'5  parts  of  sodium  naphthoquinonoximesulphonate 
are  dissolved  in  20  parts  of  water  and  a  solution  of  1  part  of 
ferric  chloride  in  4  parts  of  water  added.  The  liquid  becomes 
coloured  brownish-black  on  standing,  and  is  then  freed  from 
excess  of  iron  by  caustic  soda  and  filtered.  The  colouring 
matter  can  be  separated  from  the  pure  green  solution  by 
common  salt  or  by  evaporation,  and  is  then  recrystallized  from 
alcohol.  It  occurs  in  commerce  as  a  dark-green  powder,  which 
dissolves  in  water.  When  caustic  soda  is  added  to  the  solution, 
the  latter  takes  a  more  bluish  tinge  but  no  iron  is  precipitated. 
It  is  employed  for  dyeing  wool  and  silk ;  its  constitution  is 
unknown.3 

The  constitution  of  the  naphthoquinonoximes  can  be  repre- 
sented by  the  following  formulae  (c/.,  Pt.  III.,  p.  170) : 

a— a  0—P  £— a 

HC      C=N.OH       HC      CO  HG      C=:N.OH 

S\/\  S\/\  S\/\ 

HC     C      CH  HC     C      C=N.OH     HC     C      CO 

I       II       II  I       II       I  I       II        I 

HC     C      CH  HC     C     CH  HC     C      CH 

\/\/  \/\S  \/\S 

HC       CO  HC      CH  HC      CH 

If  on  the  other  hand  the  quinones  be  looked  upon  as  peroxides, 
the  following  alternative  formulas  may  be  employed : 

1  Meldola,  Joum.  Ohem.  Soc.  1881,  1,  40. 

3  Ber.  18,  46. 

8  Ber.  17,  393 ;  Schultz,  Steinlcohlenthcer,  2,  39. 
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Monochloro-fi-naphihoqiiinonc-a-oxime,  C10H6ClO(NOH)  is 
formed  when  the  calculated  weight  of  chlorine  is  passed  into  a 
solution  of  /3-naphthoquinone-a.-oxime  in  8  parts  of  chloroform.1 

It  crystallizes  from  alcohol  in  well-formed  yellowish-red 
needles,  is  readily  soluble  in  hot  alcohol,  acetic  acid  and 
benzene,  and  melts  and  froths  up  at  167 — 168°.  It  forms  a 
red  solution  in  cold  concentrated  sulphuric  acid  from  which  it 
is  precipitated  unaltered  by  water. 

The  sodium  salt,  C10H6C10(NONa),  crystallizes  in  lustrous 
green  plates,  and  is  moderately  soluble  in  water  and  dilute 
alcohol. 

The  oxime  is  converted  by  the  action  of  concentrated  hydro- 
chloric acid  on  its  acetic  acid  solution  into  chlorhydroxy-a- 
naphthoquinone  and  by  oxidation  with  nitric  acid  of  sp.  gr.  V4t 
into  chloro-/3-naphthoquinone. 

DicMoro-^-napMhoqui7wne-a-oxi?ne,  C^H^CL/^NOH),  is  ob- 
tained by  the  action  of  cold  caustic  potash  on  a  solution  of  the 
trichloroxime  in  methyl  alcohol. 

It  crystallizes  in  well-formed,  lustrous  golden-yellow  needles, 
is  moderately  soluble  in  hot  acetic  acid,  hot  alcohol,  benzene 
and  chloroform,  and  melts  with  decomposition  at  165 — 166°. 

It  forms  green  solutions  in  the  alkali   carbonates.      Nitric 
acid  converts  it  into  dichloro-/3-naphthoquinone  (p.  128),  whilst 
on  heating  with  sulphuric  acid  /3-chlorohydroxynaphthoquinone 
a-oxime  is  formed. 


1  Zincke  and  Schmunk,  Annalen,  257,  141. 
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Trichloro-^-ketohydronaphthalene-a-oxime,  C10H5Cl8O  (NOH), 
is  obtained  by  the  action  of  an  excess  of  chlorine  on 
/9-naphthoquinonoxime.  It  crystallizes  from  a  mixture  of 
benzene  and  light  petroleum  in  white  needles,  which  become 
red  in  the  air,  and  melt  at  185 — 186°,  with  evolution  of  gas. 
It  is  moderately  soluble  in  alcohol,  chloroform,  and  acetic  acid. 

This  substance  readily  loses  hydrochloric  acid  on  treatment 
with  alkalis,  but  is  stable  towards  acids. 

The  relations  of  these  three  compounds  to  one  another  are 
shown  by  the  following  formulae  : 

/CCNOH)— CO  /C(NOH)— CO 

C6H4\  I  C6H4\  I 

M3H  -CC1  M3HC1 CC12 

Chloronaphthoquinon-  Trichloroketohydronaphthalene- 

oxime.  o-oxime. 

/C(NOH)— CO 
XCC1  CC1 

Dichloronaphthoquinonoxime. 

Chloronajphthoquinonoxime,  C10H5Cl.O.NOH,  is  obtained  by 
heating  the  corresponding  chloroquinone  (p.  121)  with  alcohol  and 
hydroxylamine  hydrochloride.  It  is  readily  soluble  in  alcohol 
and  glacial  acetic  acid,  and  melts  at  200°  with  decomposition.1 

2661  a-a-Naphihoqtdnonedioxime,  C10H6(NOH)2,  is  formed 
when  a-naphthoquinone-a-oxime  is  boiled  with  hydroxylamine 
hydrochloride  and  dilute  alcohol.  It  crystallizes  in  slender, 
colourless  needles,  which  melt  at  207°  with  decomposition.  Tin 
and  hydrochloric  acid  reduce  it  to  1  :  4-diamidonaphthalene,  and 
alkaline  potassium  ferricyanide  oxidizes  it  to  a-a-dinitroso- 
naphthalene  (p.  55).2 

a-a-Naphihoquinonedioximc  acetate,  C10H6(NO.CO.CH3)2,  is 
obtained  by  the  action  of  acetic  anhydride  on  the  dioxime,  and 
crystallizes  in  matted  needles,  melting  at  160°. 

a-a-Naphthoquinonedichlorimide,  C10H6(NC1)2,  is  formed  when 
a  solution  of  1 : 4-diamidonaphthalene  is  treated  with  bleaching 
powder  solution  as  long  as  a  precipitate  is  formed.  It  crys- 
tallizes from  alcohol  in  yellowish  needles,  which  have  a  strong 
smell  of  quinone,  and  melt  at  136 — 137°;  hydrochloric  acid 
converts  it  into  dichloro-a-naphthoquinone,3  and  it  is  reconverted 
into  diamidonaphthalene  by  reduction. 

1  Cleve,  Ber.  23,  955.  2  Nietzki  and  Guitermann,  Ber.  21,  428. 

3  Friedlander  and  Bockmann,  Ber.  22,  590.  . 
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ft-Naphthoquinonedioximc  is  formed  when  /S-/3-  or  /3-a-naph- 
thoquinonoxime  is  heated  for  some  days  with  hydroxylamine 
hydrochloride  and  a  little  methyl  alcohol.  It  crystallizes  from 
hot  water  in  yellow  needles,  which  melt  with  decomposition  at 
149°;  it  forms  a  dark  red-coloured  solution  in  sulphuric  acid, 
from  which  it  is  precipitated  by  water.  It  dyes  brown  on  an 
iron  mordant,  since  it  is  an  ortho-compound,  whereas  a-a-naph- 
thoquinonedioxime  is  not  a  colouring  matter  (Kostanecki) . 

When  sodium  ethylate  is  added  to  an  ethereal  solution  of  the 
a-/3-dioxinie,  the  sodium  salt  of  the  latter  separates  out  as  a 
red  precipitate,  which  forms  a  yellowish  red-coloured  solution  in 
water.1  The  silver  salt,  C10H6(NOAg)NOH,  is  a  dark  red 
precipitate,  and  must  contain  the  oximido-group  in  the  a-position, 
since  on  treatment  with  methyl  iodide  it  yields  the  same  methyl 
ether,  C10H6(NOCH3)NOII,  as  is  formed  by  heating  methyl 
/3-naphthoquinone-/3-oximate  with  alcohol  and  hydroxylamine 
hydrochloride.  It  is  a  light  yellow  oil,  which  is  soluble  in 
alcohol  and  takes  a  brown  colour  in  the  air. 

The  isomeric  ether  is  obtained  from  methyl  /3-naphthoquinone- 
a-oximate ;  it  crystallizes  in  yellow  needles,  melting  at  158 — 159°, 
and  forms  yellow  solutions  in  the  alkalis.2 

When  the  dioxime  is  heated  with  acetic  anhydride,  the 
following  substance  is  obtained,  no  acetyl  derivative  being  formed. 

/3-Naphthoquinonedioxime  anhydride,  C10H6N9O,  is  also  formed 
by  heating  an  alkaline  solution  of  the  dioxime : 

N.OH  N. 

C10H6tf  =   C10H6^     >0  +  H20. 

It  may  be  further  obtained,  together  with  diphenyl  urea,  by 
heating  a  solution  of  the  dioxime  in  benzene  with  phenyl 
carbimide  (Goldschmidt  and  Strauss). 

It  crystallizes  from  hot  water  in  colourless,  monosymmetric 
needles,  which  melt  at  78°,  and  are  insoluble  in  alkalis. 

On  oxidation  with  alkaline  potassium  ferricyanide,  the  dioxime 
is  converted  into  a-/3-dinitrosonaphthalene,  and  on  reduction 
into  the  corresponding  diamine. 

2-ffydroxy-a-naphthoqirinonoxime  or  Nitrosonaphthoresorcinol, 
C10H6(OH)O(NOH),  is  formed  when  one  molecule  of  hydroxy- 
a-naphthoquinone  is  dissolved  in  two  molecules  of  dilute  caustic 

1  Goldschmidt  and  Schmitt,  Ber.  17,  2066.  =  Korcff,  Ber.  19,  176. 
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soda  solution  and  a  molecule  of  hydroxylamine  hydrochloride 
added,  and  is  precipitated  by  the  addition  of  an  acid.  After 
washing  and  drying  it  is  dissolved  in  boiling  glacial  acetic  acid, 
from  which  it  crystallizes  on  cooling  in  masses  of  yellow  needles, 
which  melt  at  180°  with  evolution  of  gas. 

It  dissolves  readily  in  alkalis  and  in  hot  alcohol ;  the  latter 
solution  gives  with  ferrous  salts  a  green  and  with  ferric  salts  a 
dark-brown  lake,  whilst  cobalt  salts  produce  a  dark  yellow,  and 
nickel  salts  a  scarlet-red  precipitate.  It  dyes  fabrics  mordanted 
with  iron  a  fine  olive-green,  and  is  therefore  employed  in  dyeing 
and  calico  printing.  On  a  nickel  mordant  it  produces  red 
shades  which  are,  however,  destroyed  by  a  boiling  soap  solution. 

In  order  to  prepare  it  on  the  large  scale,  potassium  hydroxy- 
laminesulphonate  from  which  hydroxylamine  is  liberated  by 
alkalis,  and  which  is  known  as  reduction  salt,  is  employed 
instead  of  hydroxylamine  hydrochloride. 

Nitrosochloronaphthoresorcinol  or  j3-Ohlorohydroxy-a-naphtho- 
quinonoxime,  C10H4Cl(OH)O(NOH),  is  obtained  in  a  similar 
manner  from  chloronaphthalenic  acid,  and  by  the  action  of 
hydrochloric  acid  on  dichloro-yS-naphthoquinonoxime.1  It  crys- 
tallizes from  acetic  acid  in  yellow  needles,  which  melt  at 
187 — 188°  with  evolution  of  gas.  It  also  forms  metallic  lakes 
and  dyes  mordanted  fabrics.2 

V-Hydroxy-fi-iiaphthoquinonc-a-oxime,  C10H6(OH)O(NOH),  is 
formed  by  the  action  of  sodium  nitrite  on  2 : 2'-dihydroxy- 
naphthalene  suspended  in  hydrochloric  acid.  It  crystallizes 
from  alcohol  in  small,  lustrous,  brownish-yellow  needles,  melting 

at  about  235°.3 

Mononitroso-fi-a-dihydroxynaphthalmie  is  obtained  as  a  reddish 
mass  by  the  action  of  sodium  nitrite  on  /3-a-dihydroxy- 
naphthalene  dissolved  in  caustic  soda.  It  is  used  for  dyeing 
on  mordanted  cotton,  &c.4 

Amidohydroxy-a-naphthoquinonoxime  or  Amidonitrosonaphiho- 
rcsorcinol,  C10H4(NH2)(OH)O(NOH),  is  formed  when  hydroxyl- 
amine hydrochloride  is  added  to  an  alkaline  solution  of 
amidonaphthalenic  acid,  the  blue  colour  of  the  liquid  being 
changed  to  deep  blood-red.  Dilute  acetic  acid  precipitates  the 
oxime  as  a  gelatinous  mass,  which  is  purified  by  solution  in 

1  Kostanecki,  Ber.  22,  1342. 

2  Zincke  and  Schmunk,  Annalen,  257,  148. 
a  Clausius,  Ber.  23,  521. 

4  German  Patent  53915,  1889,  Ber.  23,  781  c. 
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hydrochloric  acid,  and  precipitation  as  the  hydrochloride  by 
passing  in  the  acid  gas.  This  salt  crystallizes  in  light  yellow 
needles  and  yields  the  free  base,  which  is  a  greenish-yellow 
flocculent  precipitate.  It  dissolves  in  glacial  acetic  acid  and  in 
alcohol  on  the  addition  of  a  little  hydrochloric  acid  with  a 
greenish-yellow  colour,  and  in  a  small  quantity  of  an  alkali  with  a 
violet,  in  larger  amounts  with  a  blood-red  colour. 

Acetamidohydroxynaphthoquinonoxime,  C10H4(NH.CO.CH3) 
(OH)O(NOH),  is  prepared  in  a  similar  manner  to  the  preceding 
compound  from  acetamidohydroxyquinone,  and  crystallizes  from 
glacial  acetic  acid  in  golden-yellow,  very  lustrous  needles.1 

Dinitrosonaphthoresorcinol,  C10H4O2(NOH)2  +  H2O,  is  formed 
when  the  requisite  quantity  of  sodium  nitrite  is  added  to  an 
alkaline  solution  of  the  monoxime  and  the  solution  poured  into 
dilute  alcohol.  It  crystallizes  from  alcohol  in  long,  faintly- 
yellow  plates,  which  decompose  at  165°.  It  is  also  a  powerful 
dye  and  produces  deeper  shades  than  the  monoxime.  When  it 
is  reduced  with  tin  and  hydrochloric  acid,  and  air  then  passed 
through  the  liquid,  amidonaphthalenic  acid  is  formed,  the  first 
product  being  diamidonaphthoresorcinol. 

It  follows  from  this  reaction  and  from  the  formation  and 
behaviour  of  these  compounds,  which  correspond  exactly  to  the 
nitrosoresorcinols,  that  they  have  the  following  constitution 
(Kostanecki) : 

Nitrosonaphthoresoreinol.  Dinitrosonaphthoresorcinol. 

NOH  NOH 


C— C— OH  .G— C=0 

II  C6H4<         | 
C-CH  \C-C=NOH 

A  « 

o  o 


Mononitroso-  and  Dinitroso-  1  :  V-dihydroxy naphthalene  are 
formed  when  a  solution  of  the  dihydroxynaphtbalene  in  caustic 
soda  is  treated  with  sodium  nitrite  and  hydrochloric  acid.2 
They  form  yellow  amorphous  precipitates  and  are  employed  in 
calico-printing  and  in  dyeing. 

ti-Hydroxy-a-naphthoquinonoxime,  or  Juglonoxime,  C10H6(OH) 
O(NOH),    is   obtained    by   boiling  juglone   with   alcohol   and 

1  Eehrmann  and  Weichardt,  J.  Pr.  Chem.  II.  40   179. 

2  Erdmann,  Annalm,  247,  358  ;  German  Patent  51478,  1889,  Ber.  23,  532  c. 
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hydroxylamine  hydrochloride,  and  crystallizes  from  glacial  acetic 
acid  in  very  lustrous-red  needles  or  thin  prisms,  which  melt  at 
about  187°  with  energetic  decomposition,  and  form  deep  blood- 
red  coloured  solutions  in  the  alkalis  and  in  sulphuric  acid.  It 
does  not  dye  mordanted  fabrics  since  the  hydroxyl-group  is  not 
in  the  ortho-position  to  the  oximido  group  (p.  143). 

Juglonedioxime,  C10H5(OH)(NOH)2,  is  formed  when  the 
alcoholic  solution  of  juglone  and  hydroxylamine  hydrochloride 
is  heated  to  140°.  It  crystallizes  from  glacial  acetic  acid  in 
yellowish  needles  or  prisms,  forms  yellowish  red-coloured  solu- 
tions in  alkalis  and  sulphuric  acid,  and  detonates  vigorously 
at  225".1 


AMIDONITROSONAPHTHALENES    OR 
NITROSO-NAPHTHYLAMINES. 


2662  The  naphthoquinonoximes  behave  towards  ammonia  or 
ammonium  salts  like  other  quinonoximes,  and  the  a-naphthyl- 
nitrosamines  are,  like  the  corresponding  benzene  derivatives, 
converted  into  j>-amidonitroso-compounds  by  the  action  of 
alcoholic  hydrochloric  acid  : 


Ethyl-a-naphthylnitrosamine. 


a-Ethylamido-a-nitrosonaphthalene. 

N<C2H5 


The  /3-naphthylnitrosamines  on  the  other  hand  yield  ortho- 
compounds  : 


Ethyl-^-napkthylnitrosamine. 


-N< 


C2H5 


£-Ethylamido-a-mtrosonapkthalene 


:N. 


>0 


C2H5 


a-Ethylamido-a-nitrosonapUhahne,   or  p-Mtroso-a-ethylnaph- 
thylamine,  C10H6(NO)NH.C2H6,  is   formed    by  the  addition  of 

1  Bernthsen  and  Semper,  /.  Pr.  Chem.  II.  18,  203  ;  19,  164. 
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alcoholic  hydrochloric  acid  to  an  ethereal  solution  of  ethyl-a- 
naphthylnitrosamine. 

The  hydrochloride  thus  ohtained  is  dissolved  in  caustic  soda 
solution,  and  the  free  hase  precipitated  by  a  current  of  carbon 
dioxide. 

It  separates  from  benzene  in  brown  crystals,  which  melt  at 
133°  with  decomposition. 

a-Mhylamido-a-nitrosonaphthalene  hydrochloride,  C10H6(NOH) 
N(C2H6)HC1,  forms  olive-green,  matted  needles,  which  are 
only  sparingly  soluble  in  hydrochloric  acid,  and  form  a  powder 
which  causes  violent  sneezing. 

When  sodium  picrate  is  added  to  its  solution  a  lemon-yellow 
precipitate  of  the  picrate,  is  obtained,  which  crystallizes  from 
alcohol  in  strongly  lustrous,  light-green  plates. 

If  an  excess  of  caustic  soda  solution  be  added  to  the  alkaline 
solution  of  the  base,  the  sodium  salt,  C10H6(NONa)N(C2H5) 
H(OH),  separates  out  in  satin-like  scales,  which  become  coloured 
yellow  in  the  air,  and  form  orange-yellow  solutions  in  water 
and  alcohol.  On  heating  with  caustic  soda,  ethylamine  and 
a-naphthoquinonoxime  are  formed  : 

C10H6^  =  C10H6^  +  N(C2H6)H2. 

^N(C2H6)H(OH)  ^O 

Stannous  chloride  and  hydrochloric  acid  reduce  the  base  to 
ethyl-1  :  4-diamidonaphthalene,  which  on  oxidation  yields  a 
large  proportion  of  a-naphthoquinone.1 

Tctrahydro-a-cthylamido-a-nitrosonaphthalene,  C10H10(NO)  N 
HC2H5,  is  prepared  from  the  corresponding  nitrosamine,  and 
crystallizes  in  brass-yellow  silky  needles,  melting  at  119°;  its 
hydrochloride  forms  thick  golden-yellow  prisms  with  a  splendid 
lustre.2 

a-Dietliylamido-a-nitrosonaplithalene,  or  a-Nitrosodiethylnaph- 
thylamine,  C10H6(NO)N(C2H6)2,  is  formed  by  the  action  of 
sodium  nitrite  on  a  solution  of  a-diethylnaphthylamine,  and 
crystallizes  from  alcohol  in  well-developed,  golden-red  scales, 
which  melt  at  165°,  and  form  a  deep  blue-coloured  solution  in 
sulphuric  acid.3 

1  Koch,  Annalen,  243,  310. 

2  Bamberger  and  Helwig,  Bcr.  22,  1314. 

3  B.  E.  Smith,  Journ.  Chem.  Soc.  1882,  I.  180. 
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a-Phenylaynido-a-nitrosonaphthalene,  C10H6(NO)NH.C6H6,  is 
obtained  by  the  addition  of  hydrochloric  acid  to  a  solution  of 
phenyl-a-naphthylnitrosamine  in  a  mixture  of  alcohol  and  ether. 
The  hydrochloride  thus  precipitated  is  partially  decomposed 
by  water,  and  rapidly  by  ammonia  with  separation  of  the  base, 
which  crystallizes  from  dilute  wood-spirit  in  splendid  yellowish- 
brown  plates,  and  melts  at  150°. 

a-Naphthylamido-a-nitrosonaphthalene,  C10H6(NO)NH.C10H7, 
crystallizes  in  thin  red  plates  or  brownish-red  needles,  melting 
at  169° ;  its  hydrochloride  forms  green  needles.1 

a-Amido-fi-nitrosonaphthalene  or  /3-Nitroso-a-naphthylamine, 
C10H6(NO)NH2,  was  obtained  by  Harden  by  heating  a  mixture 
of  one  part  of  /3-naphthoquinone-/3-oxime,  20  parts  of  ammonium 
chloride,  and  50  parts  of  ammonium  acetate  for  half  an  hour  on 
the  water  bath,  the  mass  being  kept  alkaline  by  the  addition  of 
ammonium  carbonate  : 

C10H6^  »+  NH3  =  C10H6(    >0  +  H20. 

^NOH  ^NH2 

After  washing  with  cold  water,  the  residue  was  recrystallized 
from  benzene. 

a-Amido-/3-nitrosonaphthalene  separates  out  in  small  hemi- 
spherical masses  or  short  prisms,  which  have  a  fine  beetle  green 
lustre,  and  form  a  brown  powder.  It  is  slightly  soluble  in  ether, 
more  readily  in  alcohol  with  a  brown  colour.  When  the  calcu- 
lated amount  of  caustic  soda  and  then  an  excess  of  ether  are  added 
to  the  alcoholic  solution  the  sodium  salt,  C10H6(NONa)NH2,OH, 
is  precipitated  in  light  brown,  very  hygroscopic  nodular  masses. 
a-Amido-/3-nitrosonaphthalene  hydrochloride,  C10H6(NOH)NH2C1, 
separates  in  long,  red,  matted  needles,  when  ether  is  added 
to  a  solution  of  the  base  in  alcoholic  hydrochloric  acid.  It 
can  be  boiled  with  alcohol  without  undergoing  decomposition 
but  rapidly  decomposes  in  aqueous  solution  into  the  quinonoxime 
and  ammonia.  Platinum  chloride,  added  to  the  alcoholic  solu- 
tion produces  a  bright  red  amorphous  precipitate  having  the 
composition  [C10H6(NOH)NH2]2PtCl6. 

a-Amido-ft-nitrosonaphthalene  sulphate,  C10H6(NOH)NH2, 
S04H  +  H20,  is  obtained  in  a  similar  manner  to  the  hydro- 
chloride, and  forms  light  red,  matted  needles. 

1  Fischer  and  Hepp,  Ser.  20   1247. 
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When  hydroxylamine  hydrochloride  is  added  to  an  alcoholic 
solution  of  the  base,  /3-naphthoquinonedioxime  is  formed  : 

C10H6f    >0  +  N(OH)H3Cl  =  C10H6f  +  NH4C1. 

Alkaline  potassium  ferricyanide  oxidizes  it  to  the  anhydride 
of  the  dioxime  : 

H  II 

C10Hfif     /°  +  °  =  CioH6C     /°  +  H2°- 

It  is  reduced  by  ammonium  sulphide  to  1 :  2-diamidonaphtha- 
lene.  When  the  alcoholic  solution  of  the  hydrochloride  is 
boiled  with  an  aqueous  solution  of  an  excess  of  potassium 
nitrite,  a  substance  of  the  formula  C10H6N4O4KH  separates 
out  in  white  silvery  plates,  containing  water,  which  on  heat- 
ing become  anhydrous  and  detonate  at  250°.  Dilute  acids 
added  to  the  aqueous  solution  of  this  salt  produce  a  white 
amorphous,  bulky  precipitate,  probably  consisting  of  the  corre- 
sponding acid,  which  detonates  violently  at  110°,  or  on  continued 
heating  at  a  lower  temperature.  When  the  potassium  salt  is 
brought  into  a  small  quantity  of  boiling  concentrated  hydro- 
chloric acid,  deflagration  occurs ;  if  a  large  excess  of  acid  be 
employed  a  vigorous  evolution  of  nitrogen  takes  place,  and 
/3-naphthoquinone-/3-oxime  is  formed. 

a-fflhyla7nido-/3-nitrosonaphthalene,C10H.e('NO)N~H..C2H.B  +  H20, 
is  formed  when  /3-naphthoquinone-/3-oxime  is  heated  on  the 
water  bath  with  ethylamine  hydrochloride  and  acetate,  the 
corresponding  carbonate  being  added  from  time  to  time.  It 
crystallizes  from  dilute  alcohol  in  lustrous  green  plates,  melting 
at  95°,  which  lose  water  and  become  brown  in  the  air.1 

fi-Amido-a-nitrosonaphthalcne  was  obtained  by  Ilinski,  who 
named  it  naphthalene-a-oxime-/3-imide,  by  heating  /3-naph- 
thoquinone-a-oxime  with  aqueous  ammonia  to  100°  under 
pressure.  It  crystallizes  from  alcohol  in  green  needles,  which 
melt  at  150 — 152°.  Its  alcoholic  solution  is  coloured  deep 
purple-red  by  alcoholic  potash ;  on  the  addition  of  ether  the 
potassium  salt,  C10H6(NOK)NH2.OH,  is  precipitated  as  a  crystal- 

1  Harden,  Inaugural  diss.,  Erlangen,  1888  ;  Annalen  255,  148. 
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line  powder,  which  is  very  hygroscopic  and  readily  decomposes, 
with  formation  of  the  nitroso-compound ;  when  its  solution  is 
heated,  the  quinonoxime  is  regenerated. 

The  hydrochloride,  C10H6(NOH)NH2C1,  crystallizes  from 
alcohol  in  yellow  plates,  the  aqueous  solution  of  which  readily 
decomposes,  instantaneously  on  boiling,  with  formation  of  the 
quinonoxime,  whilst  in  alcoholic  solution  it  is  stable.  The 
platinochloride  [C10H6(NOH)NH2]2PtCl64-H2O,  separates  from 
its  aqueous  solution  in  orange-yellow  needles ;  ether  precipitates 
it  from  an  alcoholic  solution,  on  the  other  hand,  in  anhydrous, 
red,  cross-shaped  aggregates  of  prisms.  The  nitrate,  C10H6(NOH) 
NH2.N03,  may  be  precipitated  from  a  solution  of  the  hydro- 
chloride in  slender  yellow  needles,  which  soon  unite  to  form 
large  tablets. 

The  /3-a-compound  behaves  towards  oxidizing  and  reducing 
agents  and  hydroxylamine  like  the  a-/3-compound.  When  the 
alcoholic  solution  of  the  hydrochloride  is  treated  with  a  con- 
centrated solution  of  excess  of  potassium  nitrite,  the  red  colour 
changes  to  green,  and  on  boiling  the  liquid  yellow  crystals  of 
C10H6N3O2K  separate  out ; 1  this  substance  appears  to  be  a  diazo- 
compound.2 

When  phenylhydrazine  and  acetic  acid  are  added  to  an 
alcoholic  solution  of  the  base  and  the  mixture  allowed  to  stand, 
it  is  reduced  to  azoxy-/3-naphthylauiine  (Harden). 

fi-Ethylamido-a-nitrosonaphthalene,  C10H6(NO)NHC2H5,  is 
formed  by  the  addition  of  alcoholic  hydrochloric  acid  to  a  solution 
of  ethyl-/3-naphthylnitrosamine  cooled  with  ice,3  and  also  when 
a  dilute  aqueous  solution  of  y8-naphthoquinone-a-oxime  is 
allowed  to  stand  with  ethylamine.4  It  crystallizes  from  benzene 
in  splendid  green,  flat  tablets,  melting  at  120 — 121°.  Its  salts 
dissolve  in  water  with  the  colour  of  potassium  dichromate. 
When  it  is  dissolved  in  alcoholic  hydrochloric  acid  and  allowed 
to  stand  at  10 — 15°,  ethenyl-1  :  2-diamidonaphthalene  is  formed  : 

JS-0  /N. 

C10I<   /  =  C10H6<    )C.CH8  +  H20. 
^NH.CH2.CH3  XN< 

2  \H 

1  Ber.  19,  340.  2  Fischer  and  Hepp,  Ber.  20,  2471. 

3  Fischer  'and  Hepp,  Ber.  20,  1428  and  2471. 
1  Fischer  and  Hepp,  Ber.  21,  686. 
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THIO-AMIDONAPHTHALENE  COMPOUNDS. 

2663  Tliio-^-napTithylamine,  S(C10H6)2NH,  is  formed  when 
equal  molecules  of  sulphur  and  /3-dinaphthylamine  are  gradually- 
heated  to  250°.  until  no  more  sulphuretted  hydrogen  is  evolved. 
It  crystallizes  from  alcohol  or  benzene  in  fascicular  groups  of 
faintly  yellowish-green  needles,  which  become  brown  and  melt 
at  236°.  On  further  heating  carbonization  takes  place  and 
sulphuretted  hydrogen  is  evolved.  It  is  insoluble  in  dilute 
acids,  but  forms  a  violet  solution  in  sulphuric  acid,  the  colour  of 
which  is  changed  to  blue  by  traces  of  nitric  acid.  With  picric 
acid  it  forms  the  compound  C„0H13S]Sr  +  2C6H2(N0.2)3OH,  which 
crystallizes  from  benzene  in  almost  black,  lustrous  plates.1 

Thio-/3-naphthylamine  is  also  formed  by  the  action  of  sulphur 
dichloride  on  /3-dinaphthylamine ;  it  is  accompanied  in  this  case 
by  a  much  less  soluble  isomeride,  which  forms  almost  white 
crystalline  flakes,  melting  at  303°. 

Acetothio-fi-dinapMhylamine,  S(C10H6)2lSr.CO.CH8,  is  obtained 
by  bringing  thiodinaphthylamine  into  warm  acetic  anhydride 
and  separates  on  cooling  in  slender,  lustrous  needles,  which  melt 
at  211°  and  are  readily  soluble  in  hot  alcohol 2  (Kym). 

£enzothio-/3-dinaphthylamine,  S(C10H6)2NC7H5O,  forms  coarse, 
light  yellow  needles  united  in  fascicular  groups,  which  melt  at 
196 — 197°,  and  are  freely  soluble  in  benzene,  very  sparingly  in 
cold  alcohol  or  ether,  and  almost  insoluble  in  light  petroleum.3 

Methyltliio-(3-dinap>hthylaminc,  S(C10H6)2NCH3,  is  formed 
when  thio-yS-dinaphthylamine  is  heated  with  methyl  iodide  and 
methyl  alcohol  to  150°  and  by  the  action  of  sulphur  or  its 
chlorides  on  methyl-/3-dinaphthylamine.  It  forms  slender 
lemon-yellow  plates,  or  when  the  solution  is  allowed  to  cool 
very  slowly,  slender  needles,  which  melt  at  284 — 285°,  and  are 
almost  insoluble  in  cold  alcohol,  slightly  soluble  in  cold 
benzene  and  toluene,  and  freely  in  the  last  of  these  on  heating. 

MhyWiio-fi-dinapMhylamine,  S(C10H6)2]STC2H6,  is  prepared 
in  a  similar  manner  to  the  methyl  derivative.  It  forms  small, 
light  yellow  needles,  melting  at  212 — 213°. 

Thiophenyl-a-naphihylaminc,  S(C]0H6)(C6H4)NH,  is  obtained 
by  heating  phenyl-a-naphthylamine  with  sulphur  to  220—240°. 
It  forms  small,  lustrous  yellow  plates,  melting  at  137 — 138°, 

1  Ris,  Ber.  19,  2240.  =  Ber.  21,  2806.  »  Kym,  Ber.  23,  2458. 
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and  is  readily  soluble  in  benzene  and  hot  alcohol.     On  heating 
with  copper  it  is  converted  into  phenylnaphthylcarbazol. 


I         >NH. 
C„H  / 


Thiophenyl-@-naphthylamine,  forms  light  yellow,  fascicular 
groups  of  coarse,  lustrous  needles,  melts  at  178°,  and  dissolves 
readily  in  boiling  alcohol,  very  readily  in  boiling  benzene. 

/^10-"-6\ 

Methylthiophenyl-/3-naphthylamine,  S(~  ^>NCH„,  is  pre- 

pared  by  heating  the  foregoing  compound  with  methyl  iodide. 
It  forms  slender,  light  yellowish-green  needles,  melts  at 
132 — 133°,  and  is  readily  soluble  in  benzene  and  hot  glacial 
acetic  acid.1 

Diihio-fi-dinaphthylaminc,  S2(C10H6)2NH,  is  formed  in  two 
isomeric  modifications  when  sulphur  monochloride,  S2C12,  and 
/3-dinaphthylamine  are  brought  together  in  benzene  solution. 
The  product  obtained  in  smaller  quantity  forms  small,  reddish- 
yellow  rods,  melting  at  220°,  whilst  the  isomeric  substance 
crystallizes  in  lustrous,  brass-yellow  plates,  which  melt  at  205°. 
and  are  scarcely  soluble  in  alcohol,  ether  and  glacial  acetic  acid. 
On  heating  with  aniline,  sulphuretted  hydrogen  is  evolved  and 
thio-/3-dinaphthylamine  formed,  whilst  it  is  converted  by  acetic 
anhydride  into  acetothio-/S-dinaphthylamine  (Kym). 

a-Amidothionaphthol,  C10H6(NH2)SH,  is  formed  when  either 
of  the  two  compounds  next  to  be  described  is  fused  with  caustic 
potash.  It  is  an  oily  liquid  and  rapidly  oxidizes  in  the  air  to 
amidonaphthyl  disulphide,  (C10H6.NH2)2S2,  which  crystallizes 
from  alcohol  in  yellow  plates,  melting  at  131—132°.  This  sub- 
stance on  heating  with  alcohol  and  carbon  disulphide  is  converted 
into  thiocarbamidothionaphthol. 


CioH6\ 


,NH2 


C10H6\ 


|       +  2CS2  =  2C10H /    ^C.SH  +  H2S  +  S. 


*  Kym,  Ber.  23,  2458. 
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The  latter  crystallizes  from  alcohol  in  colourless  needles, 
melting  ahove  220°,  and  is  a  weak  acid  which  decomposes 
carbonates. 

Ethenyl-a-amidothionaphthol  is  obtained  by  the  oxidation  of  a- 
thio-acetonaphthalide  (p.  150)  with  an  alkaline  solution  of 
potassium  ferricyanide : 

C10H/    VcH,  +  0  =  C10H«/    VCH3  +  H20. 

It  crystallizes  from  alcohol  in  splendid  prisms,  melts  at  94-5 — 
95"5°,  and  has  a  pleasant  aromatic  odour.  Its  hydrochloride 
forms  elegant  colourless  needles.  It  is  not  affected  by  potas- 
sium permanganate  in  alkaline  solution  but  is  oxidized  by 
it  in  presence  of  sulphuric  acid  to  phthalic  acid,  a  fact  which 
proves  that  it  is  not  a  peri-compound  (p.  28),  in  which  case 
sulphophthalic  acid  would  be  formed.1 

a-BenzcnylamidothionapMhol  was  prepared  by  Jacobsen  from 
o-thiobenzonaphthalide  by  oxidation,  whilst  Hofmann  obtained 
it  by  heating  benzonaphthalide  with  sulphur,  water  and  some 
sulphuretted  hydrogen  being  also  formed  : 2 

C10H7.NH.CO.C6H5  +  S  =  C10H6<      >C.C6H6  +  H20. 

It  crystallizes  from  hot  alcohol  in  fascicular  groups  of  needles, 
melting  at  102-5 — 103". 

Oxalamidothionaphthol,  C22H12N2S2,  is  obtained  together  with 
ethenylamidothionaphthol  and  other  products,  when  acetonaph- 
thalide  is  heated  with  sulphur  (Part  III.,  p.  374).  It  forms 
golden-yellow  plates,  which  melt  and  sublime  above  300°  with 
partial  carbonization.  It  is  almost  insoluble  in  boiling 
alcohol,  to  which  it  imparts  a  bitter  taste,  and  in  ether  and 
benzene,  but  dissolves  with  moderate  ease  in  hot  nitrobenzene 
from  which  it  separates  in  crystals  on  cooling.  It  forms  a 
splendid  red  solution  in  sulphuric  acid  from  which  it  is  pre- 
cipitated as  a  flocculent  mass  by  water.  By  fusion  with  caustic 
potash  it  is  decomposed  into  oxalic  acid  and  a-amidothio- 
naphthol : 

1  Jacobsen,  Bur.  20,  1895  ;  21,  2624.  »  Bar.  20,  1798. 
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^m-H-e\       /^ 

XS/  NH2      CO.OK 

+  2KOH  +  2H20  =  2C10H6<  +  | 

\SH        CO.OK 


Jwx 


/3-Amidothionaphthol,  C^H^NH^SH,  is  prepared  in  a  similar 
manner  to  the  a-compound  and  is  also  an  oily  liquid,  which 
rapidly  oxidizes  to  the  disulphide. 

fi-Mhenylamidothio7iaphthol,  C10H6.NS.C.CH3,  is  formed  by 
the  oxidation  of  /3-thioacetanilide  and  crystallizes  from  alcohol 
in  lustrous  plates,  which  melt  at  81°,  and  have  a  sharp  aromatic 
odour.     It  dissolves  readily  in  dilute  acids.1 

ft-Benzenylamidothionaphthol,  C10H6^      ^.C.C6H6,    was    ob- 

tained  by  Hofmann  by  heating  /3-benzonaphthalide  with  sulphur. 
It  crystallizes  in  matted  needles,  which  melt  at  107°,  and  form 
an  alcoholic  solution  which  shows  a  green  fluorescence. 

(3-Oxalamidotliionaphthol  forms  small  yellow  plates  and  be- 
haves in  a  similar  manner  to  the  a-compound. 

B-Amidothionaphthol  is  formed  when  1 : 3-naphthylamine- 
sulphamide,  C10H6(NH2)SO2.NH2,  is  heated  with  hydriodic  acid 
and  phosphorus,  the  hydriodide  being  thus  obtained  in  silvery 
plates.  The  free  amidothionaphthol  is  a  yellowish  oil,  and  com- 
bines with  alcohol  to  form  the  compound  2C10H6(NH2)SH  + 
C2H60,  which  crystallizes  in  colourless  needles.2 


THE  DIAZO-COMPOUNDS  OF  NAPHTHALENE. 

2664  These  substances  are  formed  by  the  same  reactions  as 
the  corresponding  benzene  derivatives;  only  few  of  them  have 
hitherto  been  prepared  pure,  although  their  solutions  (Part  III. 
p.  312)  are  largely  employed  for  the  preparation  of  other  com- 
pounds, especially  azo-colouring  matters. 

In  order  to  prepare  chlorine  substitution  products  by  their 
means,  it  is  best  to  use  a  solution  of  cuprous  chloride  in 
hydrochloric  acid ;  this  produces  a  yellow  precipitate  in  solu- 

1  Jacobsen  and  SUUwald,  Ber.  21,  2627.  2  Cleve,  Ser.  21,  3264. 
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tions  of  diazo-salts,  which  soon  decomposes  with  evolution  of 
nitrogen.1  Mathis  has  analysed  the  compound  obtained  in  this 
way  from  /3-diazonaphthalene  chloride  and  found  that  its 
composition  is  4C10H7N2C1  +  Cu2Cl2.2 

Bromine  substitution  products  are  obtained  in  a  similar 
manner,  a  solution  of  cuprous  bromide  in  hydrobromic  acid 
being  used.  The  fiery-red  precipitate  obtained  in  this  way 
from  /3-diazonaphthalene  bromide  has,  according  to  Lellmann 
and  Remy,  the  formula  C10H7N2Br  +  Cu2Br2.3 

Diazo-a-amidonaphthylamine,  C10H7N  —  N.NH.C10H7,  was 
obtained  by  Martius  by  the  action  of  a-naphthylamine  sulphate 
on  a  faintly  alkaline  solution  of  sodium  nitrite.  It  crystallizes 
from  alcohol  in  yellowish-brown  plates,  which  explode  on  heat- 
ing, and  are  readily  decomposed  into  a-naphthol  and  a-naphthy- 
lamine even  by  weak  acids.4 

Diazobenzene-fi-naphthylamine  is  formed  by  the  action  of  a 
solution  of  /3-diazonaphthalene  chloride  on  aniline  suspended  in 
a  solution  of  sodium  acetate.  It  crystallizes  from  alcohol  or 
benzene  in  light-yellow  needles,  which  melt  with  decomposition 
at  150°.  On  heating  with  dilute  sulphuric  acid  it  yields 
aniline,  /3-naphthylamine,  phenol,  and  /3-naphthol.  This  sub- 
stance therefore  appears,  like  other  similar  compounds,  to  be 
tautomeric  and  to  react  according  to  the  two  formulae  : 5 


Jo 


,C10H7  /C6H5 

C6H5N— N— N<  C10H7N=N— N( 


When  it  is  treated  with  phenylcarbimide  in  ethereal  solution, 
diazobenzene-(3-naphihylphenyl  carbamide,  C6H5.NH.CO.N(C10H7. 
N2.C6H6),  is  formed,  which  crystallizes  in  microscopic  needles, 
melting  at  123°,  and  on  heating  with  dilute  sulphuric  acid 
yields  /3-naphthylphenyl  carbamide.6 

1 :  4t-Diazonaphthalenesulphonic  acid,  C10H6N2SO3,  is  prepared 
by  running  about  700  cc.  of  a  5  per  cent,  sodium  nitrite 
solution  and  a  solution  of  180  grms.  of  sodium  1  : 4-naphthy- 
laminesulphonate  in  800  cc.  of  water  at  the  same  time  in  thin 

1  Sandmeyer,  Ber.  17,  1633  and  2650. 

2  Ber.  21,  1097.  »  Ber.  19,  810. 
4  Zeitsch.  Chem.  1886,  137. 

6  Nolting  and  Binder,  Ber.  20,  3004. 

8  Goldschmidt  and  Molinari,  Ber.  21,  2557. 
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streams  into  a  mixture  of  two  litres  of  water  with  120  grms.  of 
sulphuric  acid  well  cooled  with  ice  : 

/NH2  /N=N\ 

C10H6<  +  HN02  =  C]0He/  )0  +  2H20. 

\S02.OH  \  S02  / 

If  sufficient  nitrite  solution  be  added  the  liquid  gives  a  blue 
coloration  with  paper  soaked  in  potassium  iodide  and  starch 
solutions  even  after  standing  for  half  an  hour. 

The  diazo-acid  forms  a  yellow  amorphous  or  indistinctly 
crystalline  powder  which  is  very  stable  under  friction  or  percus- 
sion, but  detonates  on  heating,  a  voluminous  mass  of  carbon 
being  left.  A  small  portion  of  the  acid  added  to  a  solution  of 
a-naphthol  in  an  excess  of  caustic  soda  produces  a  splendid, 
dark  wine-red  coloration,  whilst  it  forms  a  yellow  colouring 
matter  with  phenol. 

1  :  4>'-Diazonaphthalen,esulphonic  acid  differs  from  the  1 : 4- 
compound  by  its  light  grey  colour,  with  only  a  slight  shade  of 

yellow. 

1  :  V-Diazonaphihalenesulphonic  acid  is  best  prepared  from  the 
potassium  salt,  which  is  the  most  soluble  of  its  salts,  but  still 
requires  so  much  water  for  solution  that  a  10  per  cent,  nitrite 
solution  is  employed,  and  the  sulphuric  acid  diluted  with  pieces 
of  ice.  It  crystallizes  in  small,  lustrous  prisms,  which  have  a 
yellow  colour  slightly  inclined  to  green.  It  does  not  explode  on 
heating,  but  is  converted  with  evolution  of  nitrogen  into  naphtho- 
sultone  (p.  103),  a  change  which  also  takes  place  very  gradually 
when  it  is  preserved.  If  it  be  suspended  in  dilute  hydrochloric 
acid,  and  a  solution  of  sodium  a-naphthate  containing  much 
ammonia  added,  the  ammonium  salt  of  naphtholazonaphthalene- 
sulphonic  acid  separates  out  in  red  splinters  with  a  metallic 
lustre,  which  form  a  dark  red  solution  in  a  large  quantity  of 
water,  the  colour  being  changed  to  yellow  by  the  addition  of 

caustic  soda.1 

1  :  2'-Diazonaphthalenesulphonic  acid  forms  large,  wine-yellow 

crystals.2 

1  : 3-Diazonaphthalenesulphonic  acid  is  obtained  as  a  fawn- 
coloured  powder  when  nitrogen  trioxide  is  passed  into  water  in 
which    1  : 3-naphthylaminesulphonic    acid    is    suspended.     If, 

1  Erdmann,  Annalcn,  247,  328 ;  Clere,  Bull.  Soc.  Chim.  24,  512 ;  26,  241. 
a  Cleve,  Bar.  21,  3271. 
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however,  aqueous  alcohol  be  employed,  the  azo-colouring  matter, 
C10H6(SOsH)N2.C10H6(NH2)SO3H,  is  obtained,  and  is  left  on 
evaporation  of  the  deep  violet-coloured  liquid  as  a  beetle-green 
mass.1 

1  :  2-DiazonapMhalcnesulpihonic  acid  crystallizes  in  elegant, 
amber-yellow  tablets,  which  explode  at  60°.2 

/3-Diazonaphthalene-a-sulphonic  acid  was  obtained  by  Forsling 
by  passing  nitrogen  trioxide  into  alcohol  containing  /3-naphthyl- 
amine-a-sulphonic  acid  in  suspension.3  It  is  a  greenish  yellow, 
scarcely  crystalline  powder. 

fS-Diazonaphthahnc-fi-sulphonic  acid  was  prepared  by  him  in  a 
similar  manner  from  /S-naphthylamine-/3-sulphonic  acid.  It  is 
a  yellow,  microcrystalline  powder,  which  explodes  when  rubbed.4 

/3-Diazonaphthalene-y-sulphonic  acid  is  a  green  or  yellowish 
microcrystalline  powder  (Forsling). 

fi-Diazonaphihalene-h-sulplionic  acid  is  formed  when  a  solution 
of  sodium  nitrite  is  added  to  one  of  sodium  /3-naphthylamine-S- 
sulphonate  acidified  with  hydrochloric  acid.  It  separates  out 
after  some  time  in  colourless  prisms  which  appear  orange  red 
by  reflected  light.5  ■ 


HYDRAZINE  COMPOUNDS  OF  NAPHTHALENE. 

2665  a-NapMlvylhydrazine,  C10H7NH— NH2,  is,  according  to 
E.  Fischer,  best  prepared  in  the  following  manner.  Fifty  grms. 
of  a-naphthylamine  are  very  finely  ground  with  an  equal  weight 
of  strong  hydrochloric  acid,  and  washed  into  a  flask  with  400 
grms.  of  hydrochloric  acid  of  sp.  gr.  Tl,  well  cooled  and  treated 
with  the  calculated  quantity  of  sodium  nitrite,  the  mixture  being 
thoroughly  shaken  throughout  the  addition.  The  solution  of 
diazonaphthalene  chloride  is  then  filtered  and  run  into  a  cooled 
well-stirred  acid  solution  of  250  grms.  of  stannous  chloride,  the 
liquid  being  then  heated  on  the  water-bath  until  it  is  almost 
•colourless : 

C10H7N=NC1  +  2SnCl2  +  4HC1  =  C10H7NH— NH3C1  +  SnCl4. 

On  cooling,  a-naphthalenehydrazine  hydrochloride  separates  out 
and  is  filtered  off,  well  pressed,  dissolved  in  hot  water  and  de- 

1  Cleve,  Ber.  21,  3264.  2  Hirsch,  Ber.  21,  2370. 

3  Ber.  20,  2102.  *  Ber.  20,  80  ;  Weinberg,  Ber.  20,  2910. 

6  Baeyer  and  Duisberg,  Ber.  20,  1430  ;  Erdmann,  Ber.  21   637. 


THE  a-NAPHTHYLHYDRAZONES  251 

composed  with  caustic  soda  solution.  The  free  hase  is  washed 
with  ether  and  brought  into  150  parts  of  boiling  water,  a  small 
amount  of  a  dark-coloured  resin  being  left  undissolved.  On 
cooling  the  hydrazine  separates  out  in  yellowish  plates,  which  are 
purified  by  distillation  under  diminished  pressure,  a  colourless 
crystalline  mass  being  finally  obtained. 

a-Naphthylhydrazine  separates  from  hot  alcohol  in  fine 
plates,  and  from  benzene  in  coarse  many-faced  crystals,  melts 
at  116 — 117°,  and  soon  becomes  yellow  and  brown  coloured  in 
the  air.  Under  the  ordinary  pressure  it  boils  with  considerable 
decomposition,  but  distils  at  about  203°  under  a  pressure  of 
20  mm.  almost  without  alteration.  Like  phenylhydrazine  it  is 
a  powerful  reducing  agent,  and  forms  stable  salts  with  the 
mineral  acids. 

a-Naphthylhydrazine  hydrochloride,  C10H7NH.NH3C1,  crystal- 
lizes in  long  thin  tablets,  which  are  moderately  soluble  in  water, 
but  sparingly  in  hydrochloric  acid. 

The  acetate  is  decomposed  by  water  and  sodium  acetate 
therefore  precipitates  the  base  from  solution  of  its  salts. 

When  sodium  nitrite  is  added  to  a  cold  solution  of  the  hydro- 
chloride, nitrosonaphthylhydrazine,  C10H7N(NO)NH2,  is  obtained 
as  a  crystalline  precipitate,  which  is  even  less  stable  than 
nitrosophenylhydrazine.  If  a  very  dilute  solution  of  the  base 
in  an  excess  of  hydrochloric  acid  be  used,  an  oily  liquid 
separates  out  on  the  addition  of  the  nitrite,  which  has  a 
characteristic,  slightly  stupefying  odour,  and  decomposes  on 
distillation.  This  substance  is  probably  diazonaphthalenimide 
or  triazonaphthalene,  C10H7N3. 

Acetone  a-naphthylhydrazone,C10H-7.'NTI.'N—C(CK3)2,  is  formed 
when  the  base  is  dissolved  in  acetone,  or  when  the  latter 
is  added  to  the  solution  of  one  of  its  salts.  It  is  scarcely 
soluble  in  water,  readily  in  alcohol,  and  separates  from  hot 
light  petroleum  in  crystals,  which  melt  at  74°,  and  become 
brown  and  deliquesce  in  the  air.' 

Pyroracemic  acid  a-naphthylhydrazone,  C10H7.NH  -  N~C 
(CH3)C02H,  crystallizes  from  hot  alcohol  in  slender  lustrous 
needles,  which  melt  at  159°  with  evolution  of  gas.1  On 
boiling  with  alcohol  and  sulphuric  acid  the  ethyl  ester  is 
formed,  which  crystallizes  in  coarse  yellow  prisms,  melting  at 
100°.2 

Glyoxalic    acid     a-naphthylosazone,    C10H7N2Hn:CH.C(N2H. 
1  Amialen,  232,  236.  2  Schlieper,  Annalen,  239,  229. 
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C10H7)CO2H,  is  formed  by  the  action  of  dibromopyroracemic 
acid,  CHBr2.CO.C02H,  on  a  cooled  alcoholic  solution  of  a-naph- 
thylhydrazine,  and  separates  from  benzene  in  small  cherry-red 
crystals,  melting  at  196°.  Its  alkali  salts  are  sparingly  soluble 
in  water,  and  dye  silk  and  wool  yellow.1 

a-Naphthylsemicarbazide,  C10H7NH.NH.CO.NH.„  is  obtained 
by  heating  a-naphthalenehydrazine  with  urea.  It  crystallizes 
in  thin,  lustrous,  faintly  brownish  plates,  which  melt  at  231°, 
and  are  insoluble  in  ether,  sparingly  soluble  in  hot  alcohol.2 

fi-Naphthylhydrazine  is  prepared  in  a  similar  manner  to  the 
a-compound.  It  forms  lustrous  plates,  melts  at  124 — 125°, 
and  cannot  be  distilled  without  decomposition  even  under  a 
pressure  of  25  mms.,  but  only  becomes  slowly  coloured  red 
in  the  air.  The  hydrochloride  is  very  slightly  soluble  in  cold 
water,  and  crystallizes  from  a  hot  solution  in  slender  lustrous 
needles,  or  in  plates  (Fischer). 

Ethyl-fi-naphthylhydrazine,  C10H7N(C2H5)NH2,  is  formed 
when  an  alcoholic  solution  of  /3-naphthylhydrazine  is  heated 
with  ethyl  iodide.  It  is  a  yellowish  oily  liquid,  which  becomes 
dark  coloured  in  the  air.  When  mercuric  oxide  is  added  to  its 
solution  in  chloroform  reduction  takes  place,  and  ethyl-/3-naph- 
thylamine  is  formed,  the  constitution  of  the  hydrazine  being 
thus  shown.3 

Acetyl- /3-naphthylhydrazine,  C10H7NH.NH.CO.CH3,is  obtained 
by  boiling  the  base  with  glacial  acetic  acid,  and  forms  colour- 
less needles,  melting  at  164 — 165°.  It  is  converted  by  mercuric 
oxide  into  a  dark-coloured  oil,  which  probably  consists  of  acetyl- 
azonaphthalene,  C10H7.N2.CO.CH3. 

Benzoyl-ft-naphthylhydrazine,  C10H7.NH.NH.CO.C6H5  is  pre- 
pared by  the  action  of  benzoyl  chloride  on  the  hydrazine,  and 
crystallizes  from  hot  benzene  in  needles,  melting  at  154 — 155°. 

Dibenzoyl-ft-naphthylhydrazine,  C10H7N2H(CO.C6H6)2,  is  only 
produced  when  the  monobenzoyl  compound  is  heated  with 
benzoyl  chloride  nearly  to  the  boiling  point  of  the  latter.  It 
crystallizes  in  small  needles,  melting  at  162 — 163°  (Hauff). 

ffihidene-fi-naphthylhydrazone,  Ci0H7N2H=zCH.CH3,  is  formed 
when  the  base  is  brought  together  with  acetaldehyde,  and 
crystallizes  from  alcohol  in  tablets,  which  melt  at  128 — 129°, 
and  become  coloured  yellow  and  brown  in  the  air. 

Acetone-^-naphthylhydrazone  crystallizes  from  hot  light  petro- 

1  Nastvogel,  Annalen,  248,  90.  2  Pinner,  Ber.  21,  1222. 

3  Hauff,  Annalen,  253,  24. 
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leum  in  elegant,  light-yellow  prisms,  melting  at  65"5°,  is  readily 
soluble  in  alcohol  and  ether  and  rapidly  deliquesces  in  the  air,  a 
dark-coloured  oil  being  formed. 

Pyroracemic  acid  ft-naphthylhydrazone  crystallizes  in  yellow 
needles,  which  melt  at  166°  with  evolution  of  carbon  dioxide. 
Its  ethyl  ester  forms  slender  yellow  needles,  melts  at  131°  and 
yields  /3-naphthindolecarboxylic  acid  and  /3-naphthindole  x  (sub- 
stances which  will  be  subsequently  described)  on  heating  with 
zinc  chloride. 

Zemdinic  acid  (3-naphthalenehydrazone  is  formed  when  /3-naph- 
thylhydrazine  and  levulinic  acid  are  brought  together  in 
alcoholic  solution.  Water  precipitates  it  in  the  crystalline 
condition,  but  the  crystals  soon  become  coloured  red  and 
deliquesce  on  exposure  to  air.  When  it  is  heated  to  180°  the 
anhydride,  which  has  the  constitution  expressed  by  the  following 
formula,  is  formed : 

/CH3 

c10h7n/  /CH° 

\CO— CH2 

The  latter  crystallizes  from  hot  alcohol  in  small,  white 
needles,  melting  at  119°. 

The  ethyl  ester  is  formed  by  the  combination  of  ethyl 
levulinate  with  naphthylhydrazine  in  alcoholic  solution,  and  is 
precipitated  by  water  in  yellowish  crystals,  which  melt  at 
129— 130°.2 

/3-Naphthylsemicarbazide,  C10H7NH.NH.CO.NrI2,  is  formed 
when  urea  is  heated  with  /3-naphthylhydrazine  hydrochloride,3 
and  is  obtained  as  a  crystalline  mass  when  equivalent  amounts 
of  potassium  cyanate  and  /3-naphthylhydrazine  hydrochloride 
are  brought  together  in  hot  aqueous  solution.  It  is  sparingly 
soluble  in  water,  more  freely  in  hot  alcohol,  from  which  it 
crystallizes  in  plates,  melting  at  225°. i  When  it  is  heated  to 
140°  for  ten  hours  with  dilute  hydrochloric  acid,  naphthazine, 
C20H12N2,  is  formed. 

fi-Naphthylsemithiocarbazide,  C10H7.NH.NH.CS.NH2,  is  pre- 
pared by  heating  an  alcoholic  solution  of  ^-naphthylhydrazine 
hydrochloride  and  ammonium  thiocyanate.     It  forms  crystals, 

Schlieper,  Annalen,  236,  174.  -  Steche,  Annalen,  242,  367. 

3  Pinner,  Ber.  21,  1222. 
*  Hauff,  loo.  cit.     See  also  Hillringhaus,  Ber.  21,  2656. 
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melting  at  201 — 202°,  and  is  insoluble  in  water,  slightly  soluble 
in  cold  alcohol,  and  readily  soluble  in  aniline. 

Naphthylthiocarbizine,  C10H8N2CS,  is  formed  when  the  thio- 
semicarbazide  is  heated  with  hydrochloric  acid  to  130 — 140°: 

JNTH 
C10H7.NH.NH.CS.NH2  =  C10H7N<  |       +  NH3. 

XCS 

It  crystallizes  from  dilute  alcohol  in  pearly  plates,  melts  at 
253 — 254°,  and  differs  from  the  preceding  compound  in  not 
reducing  either  Fehling's  solution  or  mercuric  oxide.  When 
its  alcoholic  solution  is  treated  with  bleaching  powder  solution, 
it  behaves  in  a  similar  manner  to  phenylthiocarbizine,  a  violet 
precipitate  being  produced,  which  dissolves  in  sulphuric  acid, 
forming  a  dark  blue,  slightly  greenish-coloured  liquid,  which  is 
decolourized  by  water  (Hauff). 

1  :  4>-Naphthylhydrazinesulphonic  acid,  C10H6(SO3H)N2H3,  is 
formed  by  the  action  of  stannous  chloride  on  a  solution  of 
1  :  4-diazonaphthalenesulphonic  acid  : 

/N=N\ 
CioH/  N  +  2SnCL  +  4HC1  = 

\  SO,  / 


.Nil  -M.1I., 


C10H6<  2  +  2SnCL 


"SO„H 


It  forms  fascicular  groups  of  small  white  needles,  which  are 
slightly  soluble  in  hot  water,  more  readily  in  hot  hydrochloric 
acid.  Fehling's  solution  is  immediately  reduced  by  it  on 
warming.  The  sodium  salt,  C10Ha(N2H3)SO3Na  +  4H20,  crys- 
tallizes from  hot  water  in  well-developed,  compact  plates. 

1  :  'k'-Naphthalenchydrazinesulphonic  acid  forms  glittering 
plates  or  groups  of  needles,  and  is  somewhat  more  freely 
soluble  in  water  and  hydrochloric  acid  than  the  1  :  4-compound. 
It  also  reduces  Fehling's  solution  and  forms  a  sodium  salt, 
2C10H6(N2H3)SO3Na  +  7H20,  which  crystallizes  in  white,  lustrous 
needles. 

1  :  Y'-Naphthalcnehydrazincsulphonic  acid  is  only  slightly 
soluble  in  hot  water,  and  separates  on  cooling  in  slender,  silky 
plates,  which  show  a   play  of  colours   under   the  microscope. 
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The  sodium  salt,  C10H6(N2H3)SO3Na,  forms  yellow,  lustrous 
microscopic  tablets,  and  is  almost  insoluble  in  water,  whilst  the 
potassium  salt  is  moderately  soluble  and  the  ammonium  salt 
very  readily  soluble,  so  that  the  last  two  can  be  used  to  detect 
the  presence  of  sodium  salts  in  neutral  solutions.  A  cold 
saturated  solution  of  the  potassium  salt,  for  example,  produces 
a  precipitate  even  in  a  solution  of  common  salt  diluted  with 
20  parts  of  water.1 


THE    AZOCOMPOUNDS    OF   NAPHTHALENE. 

2666  a-a-Azonaphthalene,  C10H7N— NC10H7,  is  formed  when 
1  part  of  a-amidoazonaphthalene  is  dissolved  in  100  parts  of 
alcohol  of  95  per  cent.,  and  5  parts  of  sulphuric  acid  and  the 
calculated  amount  of  sodium  nitrite  solution  gradually  added 
to  the  hot  liquid.  The  mixture  is  then  boiled  for  some  time, 
and  the  azonaphthalene  precipitated  with  water.  It  is  then 
dissolved  in  aniline,  from  which  it  separates  on  the  careful 
addition  of  alcohol  in  steel-blue  crystals,  whilst  it  crystallizes 
from  glacial  acetic  acid  in  alizarin-red  needles  with  a  bluish 
dichroism.  It  melts  at  190°,  and  readily  sublimes  in  yellow 
plates,  which  become  cinnabar-red  when  rubbed.  It  dissolves 
in  alcohol,  &c,  with  a  deep  orange-red  colour,  and  forms  a  pure 
blue  solution  in  sulphuric  acid,  from  which  it  is  precipitated  by 
water.  If  the  sulphuric  acid  solution  be  heated  to  about 
180°  it  becomes  coloured  violet  and  takes  a  splendid  brick-red 
fluorescence. 

a-a-Hydrazonapththalcne,  C10H7NH  —  NHC10H7,  is  obtained 
by  adding  zinc  dust  to  a  boiling  alcoholic  caustic  soda  solution  in 
which  finely  divided  azonaphthalene  is  suspended,  until  the 
mixture  becomes  colourless.  It  crystallizes  from  hot  benzene 
in  colourless,  lustrous  plates,  melts  at  275°,  and  does  not  alter 
in  the  air  after  drying,  but  is  reoxidized  to  azonaphthalene  in 
alcoholic  solution.2  Acids  convert  it  into  two  diamidodi- 
naphthyls,  C20H12(NH2)2,  in  the  same  manner  as  hydrazobenzene 
is  converted  into  two  diamido-diphenyls  (Part  III.,  p.  357).  It  is 
partially  converted  into  a-naphthylamine  when  heated  to  130° 
with  alcoholic  ammonium  sulphide. 

1  Erdmann,  Annalen,  247,  333. 

2  JSTietzki  and  Goll,  Bar.  18,  297  and  3252. 
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a-fi-Azonaphthalene  was  obtained  by  Nietzki  and  Gottig  from 
a-/3-amidoazonaphthalene.  It  crystallizes  from  glacial  acetic  acid 
in  dark  brown  plates  with  a  steel-blue  reflection,  melts  at  136°, 
and  forms  a  violet-coloured  solution  in  sulphuric  acid.1 

Benzeneazo-a-naphthol,  C6H5N=NC10H6.OH,  was  prepared 
by  Typke  by  mixing  an  aqueous  solution  of  diazobenzene 
nitrate  with  an  alkaline  solution  of  a-naphthol.2  According  to 
Liebermann,  144  grms.  of  a-naphthol  and  40  gnus,  of  caustic 
soda  are  dissolved  in  10 — 15  litres  of  water  and  hydrochloric  acid 
added  to  the  well-stirred  liquid  to  precipitate  the  naphthol  as  a 
finely-divided  flocculent  mass.  A  tolerably  concentrated  solution 
of  129  grms.  of  aniline  hydrochloride  is  then  added  to  the 
neutral  liquid,  the  whole  cooled  with  ice,  and  a  solution  of  70 
grms.  of  sodium  nitrite  in  280  cc.  of  water  added,  the  liquid 
being  stirred  for  15 — 30  minutes  after  the  addition  of  the 
nitrite.3  The  same  compound  is  also  formed  when  an  aqueous 
solution  of  phenylhydrazine  hydrochloride  is  added  to  a-naphtho- 
quinone  suspended  in  glacial  acetic  acid,  whereas  the  formation 
of  a-naphthoquinone  hydrazide  would  have  been  expected,  the 
constitution  of  which  is  represented  by  one  of  the  following 
formulae  : 

,0 


C6H5NH.N-C10H6O  C10H6 


-N.NH.C6H5 


This  substance  must  either  undergo  molecular  change  into 
benzeneazo-a-naphthol,  or  else  be  tautomeric,  as  indeed  its 
reactions  seem  to  indicate.* 

Benzeneazo-a-naphthol  is  freely  soluble  in  hot  glacial  acetic 
acid,  sparingly  in  hot  alcohol,  from  which  it  crystallizes  in 
small  dark  needles  with  a  bluish  metallic  lustre,  whereas  it 
separates  from  hot  benzene,  in  which  it  is  also  only  sparingly 
soluble,  in  flat  needles  or  plates  with  a  fine  metallic  lustre, 
which  transmit  red  light.  It  melts  and  froths  up  at  206°,  and 
forms  reddish-brown  solutions  in  caustic  soda,  ammonia,  and 
baryta  water.  Its  alkali  salts  separate  out  on  the  evaporation 
of  solutions  containing  an  excess  of  alkali  as  resinous  masses, 
which  gradually  become  crystalline. 

Benzencazo-a-naphthol  methyl  ether,  C6H5N2C10H6.OCH3,  is 
obtained  by  heating  the  sodium  salt  with  methyl  iodide.     It 

1  Nietzki  and  Gottig,  Ber  20,  612. 

2  Ber.  10,  1576.  3  Ber.  16,  2858. 
4  Zincke  and  Bindewald,  Ber.  17,  3026. 
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forms   granular   aggregates  of  small  crystals,  whilst  the  ethyl 
ether  crystallizes  in  brownish-yellow,  long,  lustrous  needles. 

Benzeneazo-a-naphthol  forms  a  violet-blue  solution  in  sul- 
phuric acid  and  combines  with  acids  to  form  unstable  salts,  in 
which  it  is  probably  present  as  the  phenylhydrazone  group. 
The  hydrochloride,  C6H6(NH2Cl)NC10H6O  +  6H20,  crystallizes 
from  alcohol  in  small,  bluish  needles  with  a  metallic  lustre,  and 
from  glacial  acetic  acid  in  long  matted  needles  with  a  golden- 
green  surface  lustre. 

Benzeneazo-ar-tetrahydro-a-naphthol,  C6H6.N2.C10H10(OH),  is 
prepared  from  diazobenzene  chloride  and  an  alkaline  solution  of 
the  naphthol ;  it  crystallizes  from  dilute  alcohol  in  beetle-green 
tablets  with  a  metallic  lustre.  The  sodium  salt  of  its  sul- 
phonic  acid,  prepared  from  sulphanilic  acid,  is  soluble  in  water, 
from  which  it  crystallizes  in  small  plates  with  a  bronze 
lustre.1 

Benzencazo-ft-naphthol  was  prepared  by  Liebermann  in  a 
similar  manner  to  the  a-compound;  it  crystallizes  from  hot 
alcohol  when  the  solution  is  rapidly  cooled  in  long  plates  with  a 
golden-red  lustre,  and  on  gradually  cooling  in  long  needles  with 
a  dark  beetle-green  lustre.  It  melts  at  134°,  and  can  be  distilled 
and  sublimed  in  small  quantities.  It  differs  from  the  a-compound 
in  being  insoluble  in  aqueous  alkalis,  but  dissolves  in  strong 
acids ;  the  solution  in  hot  hydrochloric  acid  deposits  beetle- 
green  needles  on  cooling,  which  lose  acid  and  become  red  on 
exposure  to  the  air.  It  forms  a  magenta-coloured  solution  in 
sulphuric  acid.  Stannous  chloride  and  hydrochloric  acid  reduce 
it  to  aniline  and  amido-/3-naphthol. 

As  it  does  not  possess  the  properties  of  a  phenol,  Liebermann 
assigns  to  it  the  following  constitution  : 

It  was  proved  not  to  be  identical  with  (3-naphthoquinonephenyl- 
hydrazone  by  Zincke  and  Bindewald,  as  the  latter  substance 
crystallizes  from  hot  alcohol  in  long,  deep  red,  golden  lustrous 
needles,  melts  at  138°,  and  forms  a  violet-red  solution  in  sul- 

1  Bamberger  and  Bordt,  Ber.  23,  216. 
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phuric  acid.     They  therefore  assume  that  this  compound  has  the 

constitution : 

O— NC,HS 


According  to  this  view  the  isomerism  is  due  to  the  different 
positions  of  the  substituted  groups,  and  this  was  proved  by 
Zincke  and  Rathgen,  who  showed  that  whereas  benzeneazo-/3- 
naphthol  is  converted  by  reduction  into  a-amido-/3-naphthol, 
/3-naphthoqumonephenylhydrazone  passes  into  /3-amido-a- 
naphthol,  whilst  nitric  acid  converts  the  former  into  dinitro-/3- 
naphthol  and  the  latter  into  dinitro-a-naphthol.1 

If  the   quinones  are  looked  upon  as  ketones  the  isomerism 

of  these  two  compounds   will   be    expressed   by  the  following 

formulae : 

N— NH.C6H6  C6H5— NH— N 

yC CO  .CO— G 

C6H4<  |  C6H/  I 

\CH-CH  \CH=zCH 

Weinberg,  however,  found  that  benzeneazo-/3-naphthol  yields 
an  ethyl  ether  on  heating  with  ethyl  bromide  and  caustic 
potash,2  and  it  has  also  been  found  that  when  it  is  boiled 
for  a  considerable  time  with  acetic  anhydride  the  acetate, 
CH3.CO.OC10H6N2C6H5,  is  formed,  which  crystallizes  from 
alcohol  in  deep  orange-coloured  scales  and  melts  at  117°.3  The 
acetyl  group  is  proved  not  to  be  combined  with  nitrogen  by  the 
fact  that  no  acetanilide  is  formed  on  reduction,  but  the  acetyl 
group  is  removed,  and  aniline  accompanied  by  amido-/3- 
naphthol  obtained.  A  portion  of  the  benzenehydrazo-/3-naphthol, 
HO.C10H9.NH.NH.C6H5,  which  is  first  formed,  is  simultaneously 
converted  into  the  isomeric  diamidophenylnaphthol,  which  has 
the  following  constitution  : 

C6H4.NH2 

1  Ber.  19,  2482.  a  Ber.  20,  3171. 

3  Meldola  and  East,  Journ.  Cliem.  Soc.  1888,  1,  466  ;  Meldola  and  Morgan, 
Journ.  Chem.  Soc.  1889,  1,  114  and  603. 
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Benzeneazo-/3-naphthol  can  therefore  also  react  as  a  hydroxyl 
compound. 

It  has  already  been  mentioned  that  l-thiocarbamido-/3- 
naphthol  is  obtained  together  with  carbanilido-/3-naphthol  when 
benzeneazo-/3-naphthol  is  heated  with  carbon  disulphide.  This 
reaction  is  most  simply  explained  by  assuming  that  the  benzene- 
azonaphthol  also  reacts  in  this  case  as  a  hydroxyl  derivative  : 

.OH  /OH 

C10H6<  +  2CS2=CS=NC6H6+C10H8<(  +  2S. 

\N=N.CGH5  NNz=CS 

The  latter  compound  is  then  converted  into  thiocarbamido- 
naphthol,  which  reacts  with  the  aniline  residue,  carbanilido- 
naphthol  being  formed  : 


CinIl/°  VSH  +  =N.C6H6  =  C10H  /    >.NH.C6H5  +  S. 


W\N^~    T      6  6    10  6\N< 


2-Thiocarbamido-a-naphthol  and  carbanilido-a-naphthol  can 
moreover  be  obtained  by  this  method  from  /3-naphthoquinone- 
phenylhydrazone,    so  that   this  substance   can  also  react  as  a 

naphthol. 

Benzeneazo-2,  :  2' -dihydroxynaphthalcne,  C8H5.N2.C10H6(OH)2, 
is  prepared  by  the  action  of  diazobenzene  chloride  on  a  solution 
of  the  dihydroxynaphthalene  in  caustic  soda.  It  forms  splendid, 
thick,  blackish-green  needles,  with  a  strong  metallic  lustre,  is 
readily  soluble  in  hot  alcohol  and  benzene,  and  melts  at  220°. 
Its  acetate  forms  steel-blue  needles,  melting  at  181°,  and  its  ethyl 
ether  dark  green  cubical  crystals  with  a  strong  metallic  lustre, 

which  melt  at  137°-1 

Benzeneazodihydroxynaphthalene  or  Phenylazonaphthoresorcinol, 
C  H  .N  .C10H6(OH)2,  is  formed  when  phenylhydrazine  is  added 
to6  a  solution  of  hydroxynaphthoquinone  in  dilute  alcohol.  It 
crystallizes  in  yellowish-red,  lustrous  needles,  which  melt  and 
decompose  with  considerable  frothing  at  218— 220°.2  Zinckeand 
Thelen  consider  that  this  substance  is  hydroxynaphthogianone- 
PA«ly%i»uKm«,CeHiNH.N  =  C10Hs(OH),  since  dilute  alkalis 
precipitate  salts  from  its  solution  which  only  contain  one  atom 
of  metal.     These  salts  crystallize  from  alcohol  m  slender  red 

i  Clausius,  Ber.  23,  523. 

=>  Zinoke  and  Thelen,  Ber.  17,  1809  ;  21,  2200  ;  Kostanecki,  Ber.  22,  3163. 
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needles;  the  larium  salt,  (C16H12N2O2)2Ba  +  10H2O,  separates 
from  a  large  amount  of  hot  water  in  yellowish-brown  transparent 
plates  with  a  golden  lustre  or  long  flat  red  plates,  which  become 
almost  black  on  heating  without  losing  their  lustre. 

The  ethyl  ether,  C10HnN2O(OC2H6),  is  formed  by  heating  the 
potassium  salt  with  ethyl  bromide  and  alcohol,  and  crystallizes 
in  yellowish-red  needles,  melting  at  172 — 173°. 

Zincke  and  Thelen,  by  boiling  benzeneazodihydroxynaphtha- 
lene  with  acetic  anhydride  obtained  the  monaeetate,  C6H5.N2.C10H5 
(O.CO.CH3)OH,  which  crystallizes  in  red,  lustrous  needles,  and 
melts  at  178 — 179°;  whereas  Kostanecki  found  that  when  sodium 
acetate  is  also  added  the  diacetate,  C6H6.N2.C10H6(OCO.CH3)2,  is 
formed.  This  substance  crystallizes  from  alcohol  in  rosette- 
shaped  aggregates  of  needles,  melting  at  122—123°. 

Nitrosophenylazonapihihcresorcinol,  C6H6.N2.C10H4O(NOH)OH, 
was  obtained  by  Kostanecki  by  pouring  a  faintly  alkaline 
solution  of  phenylazonaphthoresorcinol  and  sodium  nitrite 
into  dilute  hydrochloric  acid.  It  crystallizes  from  dilute  acetic 
acid  in  lustrous  brownish-red  plates,  which  are  almost  in- 
soluble in  water  and  alkalis,  and,  probably  for  this  reason,  dye 
mordanted  fabrics  only  very  faintly.  On  reduction  with  tin  and 
hydrochloric  acid  it  is  split  up  into  aniline  and  amidotrihydroxy- 
naphthalene,  which  is  rapidly  oxidized  to  naphthalenic  acid. 

fi-Naphthaleneazo-fi-naphthol,  C10H7.N2.C10H6.OH,  has  been 
obtained  by  the  diazo-reaction  from  /3-amidoazonaphthalene,  and 
is  also  formed  by  the  action  of  /3-diazonaphthalene  chloride  on 
/3-naphthol.  It  dissolves  readily  in  warm  aniline,  and  separates 
on  the  addition  of  alcohol  in  elegant  reddish-brown  needles, 
which  melt  at  176°,  and  sublime  in  golden  lustrous  needles.  Its 
solution  in  sulphuric  acid  is  coloured  reddish-violet.1 

2667  Benzencazo-a-naphthylamine,  C6H6.N2.C10HG.NH2,  was 
obtained  by  Griess,  who  termed  it  diazobenzene-amidonaphthol, 
by  adding  a  solution  of  diazobenzene  nitrate  to  an  alcoholic  solu- 
tion of  a-naphthylamine.2  The  free  base,  liberated  by  caustic 
potash,  crystallizes  in  ruby-red,  lustrous  prisms,  and  forms  a  yellow 
solution  in  alcohol,  which  is  coloured  a  bright  violet  by  acids. 

Benzeneazo-a-naphthylamine  hydrochloride,  C16H13N3,  HC1, 
forms  lustrous  steel-blue  needles,  and  imparts  a  port  wine 
colour  to  water. 

Benzencazo-a-naphthylamine  nitrate,  C]6H13N3,  N03H,  crystal- 
lizes from  hot  alcohol  in  splendid  grass-green  prisms,  which 
1  Nietzki  and  Goll,  Bcr.  19,  1281.  "-  Annalcn,  137,  60. 
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appear  ruby-red  by  transmitted  light  and  are  scarcely  soluble  in 
water. 

Benzeneazo-a-naphthylamine  sulphate,  (C16H13N3)2S04H2  + 
4H20,  forms  black,  microscopic  needles,  which  are  only  very 
slightly  soluble  in  water,  and  form  a  carmine-red  coloured 
solution  in  alcohol.1 

Benzeneazotetrahydro-a-naphthylamine,  C6H6.N2.C10H10.NH2,  is 
obtained  by  adding  ar-tetrahydro-a-naphthylamine  hydrochloride 
to  a  solution  of  diazobenzene  chloride.  The  hydrochloride 
crystallizes  from  alcohol  in  steel-blue  needles,  which  form  a  port 
wine  coloured  solution  in  alcohol.2 

a-Naphthylamineazobenzenesulphonic  acid,  C6H4(SO3H)N2.C10H6. 
NH2,  is  formed  when  equivalent  amounts  of  p-diazobenzene- 
sulphonic  acid  and  a-naphthylamine  hydrochloride  are  dissolved 
in  water  and  the  solution  heated  to  boiling  after  standing  for 
some  time.  It  crystallizes  in  brownish-violet  microscopic 
needles,  only  slightly  soluble  even  in  boiling  water.  Its  salts 
crystallize  well,  and  form  aqueous  solutions  which  even  when 
dilute  are  coloured  orange-red  by  caustic  potash,  and  magenta 
by  mineral  acids. 

The  formation  of  this  acid  serves  as  a  reaction  for  nitrous 
acid,  which  is  even  more  delicate  than  that  given  by  m-diamido- 
benzene.  When  a  solution  which  contains  only  a  mere  trace  of 
a  nitrite  is  treated  with  a  little  sulphuric  acid  and  sulphanilic 
acid,  and  after  about  ten  minutes  a  few  drops  of  a  colourless 
solution  of  naphthylamine  sulphate  added,  the  liquid  soon 
becomes  coloured  a  fine  red. 

"  It  forms  a  very  striking  experiment  to  detect  the  presence 
of  nitrous  acid  in  saliva  in  this  way,  and  is  well  fitted  by  its 
simplicity  to  serve  as  a  lecture  demonstration.  The  test  should 
be  carried  out  in  a  tall  glass  cylinder  placed  on  a  sheet  of  white 
paper  near  a  window,  and  the  saliva  should  be  previously  diluted 
with  5 — 10  volumes  of  water.  If  the  reagents  mentioned  above  are 
then  added  to  it,  it  soon  becomes  coloured  a  deep  magenta  red." 3 

Tetrahydro-a-naphthylamineazobenzencsulphonic  acid  has  been 
obtained  fromiar-tetrahydro-a-naphthylamine,  and  forms  reddish- 
brown  flakes,  with  a  green  metallic  lustre,  soluble  in  water 
with  a  dark  orange-red  colour.  The  sodium  salt  crystallizes 
in  light  orange-red  tablets,  with  a  diamond  lustre  (Bamberger 
and  Bordt). 

1  Weselsky  and  Benedikt,  Ber.  12,  226. 

2  Bamberger  and  Bordt,  Ber.  22,  627.  3  Griess,  Ber.  12,  426. 
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Hydroxybenzeneazo-a-naphihylamine,  C6H4(OH)N2.C10H„NH2 
+  3H20,  is  formed  when  very  dilute  solutions  of  phenol,  a- 
naphthylamine  and  potassium  nitrite  are  mixed.  It  crystallizes 
in  orange-coloured  fascicular  groups  of  needles,  which  lose  water 
on  heating,  and  melt  at  170".  Its  sulphate,  (C16H13N30)2S04H2 
+  6H20,  forms  green  needles,  and  yields  a  blue  solution  in  alcohol 
(Weselsky  and  Benedikt). 

Benzeneazo-(3-naphthylamine,  C6H5.N2.C10H6.NII2,  is  formed 
when  diazobenzene  sulphate  is  brought  together  with  /3-naphthyl- 
amine  in  alcoholic  solution,  and  crystallizes  from  dilute  alcohol 
in  light  red,  long,  slender  needles,  but  from  absolute  alcohol  in 
bright  red,  rhombic  tablets.  It  melts  at  102 — 104°,  and  forms  a 
blue  solution  in  sulphuric  acid,  from  which  it  is  precipitated  by 
water.  Alcoholic  hydrochloric  acid  dissolves  it  with  production 
of  a  dark  bluish-red  solution.  These  colourations  are  probably 
due  to  the  formation  of  unstable  acid  salts.  On  boiling  with 
dilute  sulphuric  acid  it  decomposes  into  phenol  and  /3-naphthyl- 
amine,  and  is  reduced  in  alcoholic  solution  by  zinc  dust  and 
acetic  acid,  with  formation  of  1  : 2-diamidonaphthalene  and 
aniline.1  It  is  a  weak  base,  the  salts  of  which  are  decomposed 
by  water  and  alcohol,  and  form  violet  solutions  in  an  excess 
of  acid.  The  hydrochloride,  C16H13N3,  HC1,  separates  out  in 
yellowish  needles  on  the  addition  of  hydrochloric  acid  to  a 
solution  of  the  base  in  acetic  acid.2 

When  an  acetic  acid  solution  of  the  base  is  heated  with 
acetic  axihydTide,benzenmzo-/3-acetonaphthalide,C^&INi.C10H.6NT{. 
(CO.CHj),  is  formed ;  it  crystallizes  from  alcohol  in  small 
red  needles,  melting  at  152 — 153°,  and  is  reconverted  into  ben- 
zeneazo-/3-naphthylamine  by  boiling  with  alcoholic  potash. 

This  compound  was  formerly  termed  benzenediazo-/3-naph- 
thylamine,  because  it  so  easily  decomposes  into  phenol  and 
/3-naphthylamine.  It  is,  however,  much  too  stable  for  a  diazo- 
compound,  and,  as  is  shown  by  its  oxidation  product,  which  is 
described  below,  can  be  most  easily  looked  upon  as  benzenehydra- 
zimidonaphthalene,  with  the  following  constitution,  which  readily 
explains  the  formation  of  1 :  2-diamidonaphthalene  : 


NH^ATnxT  .      yK NH 


/      -VSS>NC.H,     w  -N_NH.CA. 


1  Lawson,  Ber.  18,  796.  2  Zinoke  and  Lawson,  Bcr.  20,  2896. 
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The  fact  that  it  forms  diazo-compounds,  and  must  therefore 
contain  the  amido-group,  speaks  against  this  view,  and  it  is 
probable  that  this  substance  presents  another  instance  of  tauto- 
merism. 

On  oxidation  with  chromic  acid,  benzeneazo-/3-phenylnaph- 
thylamine  is  converted  into  an  ammonium  base  of  the  formula 
C22H16N3OH,  the  constitution  of  which  is  not  known.  When 
the  chloride  of  this  base  is  heated  with  caustic  potash,  benzene- 
azo-/3-phenylnaphthylamine  is  regenerated,  and  a  base  of  the 
formula  C22H15N30  formed.1 

When  benzeneazo-/3-naphthylamine  is  heated  to  140°  with 
benzaldehyde,  combination  takes  place,  and  a  triazine  derivative 
is  formed : 

.NH  /N— CH.C6H5 

C10H6/|  +OCH.C6H5  =  C10H6/|       |  +H20. 

\n— nh.c8hs  \n— n.c6h5 

This  substance  separates  from  alcohol  as  a  snow-white  micro- 
crystalline  mass,  melting  at  1930.2 

It  is  also  formed  when  a  solution  of  diazobenzene  chloride  is 
mixed  with  a  cold  alcoholic  solution  of  benzylidene-/3-naphthyl- 
amine,  water  and  ammonia  then  added,  and  the  precipitated 
substance  heated  with  acetic  acid  for  a  few  minutes.3 

Benzeneazobiazonaphthalene  sulphate,  C6H5.N2.C10H6.N2.SO4H, 
is  formed  when  the  azo-compound  is  dissolved  in  glacial  acetic 
acid,  sulphuric  acid  added,  and  nitrogen  trioxide  passed  through 
the  liquid.  On  the  addition  of  ether  and  absolute  alcohol  it  is 
precipitated  in  brown  needles. 

The  chloride  is  obtained  in  a  similar  manner  ;  when  bromine 
water  is  added  to  its  solution,  the  perbromide,  C6H5.N2.C10H6. 
NBr.NBr^  is  formed  in  small,  light-red  needles. 

If  water  be  added  to  the  acetic  acid  solution  of  the  chloride, 
nitrogen  is  evolved  and  benzeneazo-/3-naphthol  separates  out. 

Benzeneazobiazonaphthalene  hydride,  C0H5.N2.C10H6N2H,  is  ob- 
tained by  the  addition  of  stannous  chloride  to  the  cooled  solu- 
tion of  the  chloride,  and  crystallizes  from  alcohol  in  colourless 
lustrous  needles,  melting  at  204 — 205°.  It  is  converted  by 
bromine  into  the  perbromide,  and  by  nitric  acid  into  the  diazo- 

1  Zincke  and  Lawson,  Ber.  20,  1172  ;  Zincke,  Ber.  23,  1315. 

2  Goldschmidt  and  Eosell,  Ber.  23,  506. 

>  Meldola,  Journ.  Chcm.  Soc.  1890,  1,  328. 
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nitrate  ;  on  heating  with  acetyl  chloride  the  compound  C6H6.N2. 
C10H6.N2.CO.CH3  is  formed,  which  crystallizes  from  alcohol 
in  very  lustrous  needles,  melting  at  137 — 139°  (Zincke  and 
Lawson). 

Pseudo-phenylazimido?iaphthalene,  C6H5N3C10H6,  is  prepared 
by  dissolving  benzeneazo-/3-naphthylamine  in  hot  acetic  acid, 
and  gradually  adding  a  concentrated  aqueous  solution  of 
chromium  trioxide : 

C6H6N<        >C10H6  +  0  =  C6H5N<  |  >C10H6  +  H20. 

It  crystallizes  from  hot  glacial  acetic  acid  in  slender  white 
needles  united  in  nodular  masses,  and  melts  at  107 — 108°.  Con- 
centrated sulphuric  acid  dissolves  it  without  decomposition, 
and  reducing  agents  are  also  without  action  upon  it  even  on 
heating.1 

J3enzeneazo-f3-phenylnaphthylamine,  C6H5.N2.C10H6.NH(C6H5) , 
is  obtained  by  the  action  of  diazobenzene  chloride  on  phenyl-/3- 
naphthylamine  and  by  that  of  aniline  on  phenyl-/3-naphthylnitro- 
samine.2  It  crystallizes  from  hot  acetic  acid  in  small  lustrous  deep- 
red  needles,  melting  at  141 — 142°.  Stannous  chloride  reduces 
it  to  aniline  and  1 :  2-phenyldiamidonaphthalene. 

Phenylazimidonaphthalene,  C10H6.N3C6H5,  is  obtained  by  the 
action  of  sodium  nitrite  on  a-amido-/3-phenylnaphthylamine 
suspended  in  glacial  acetic  acid  :  3 

/NH2  N 

C10H6/        '  +  ONOH  =  C10H6<    >N     +  2H20. 

XNHC6H5  XNC6H5 

It  crystallizes  from  hot  alcohol  in  thick  white  needles,  and  from 
glacial  acetic  acid  in  prisms,  with  a  vitreous  lustre,  is  almost 
insoluble  in  water,  and  melts  at  149 — 150°.  It  dissolves  with 
difficulty  in  concentrated  hydrochloric  acid,  but  is  at  once  re- 
precipitated  by  the  addition  of  water.  This  substance  readily 
forms  addition  products  with  the  alcoholic  iodides,  yielding 
ammonium  bases  which    possess  the    characteristic   properties 

1  Zincke,  Bcr.  18,  3132. 

2  Zincke  and  Lawson,  Bcr.  20,  1167  ;  Henriques,  Bcr.  17,  2671. 

3  Zincke  and  Campbell,  Annalen,  255,  343. 
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of  this  class  of  compounds.  The  following  have  been  prepared, 
together  with  several  of  their  derivatives  : 

Melting-point. 
Methylphenylnaphthaleneazammonium  iodide, 

C10H6.N3(C0H5)(CH3)I,  colourless  needles     ....    196° 

Ethylphenylnaphthaleneazammonium  iodide, 

C10H6.N3(C6H6)(C2H5)I,  almost  colourless  needles     .    192° 

o-Hydroocybenzeneazo-fi-naphthylaminc,C6TIi(OK)l$2.Cl0H.6.'N'H.2 
is  formed  when  a  concentrated  aqueous  solution  of  o-diazo- 
phenol  is  mixed  with  an  alcoholic  solution  of  /3-naphthylamine. 
It  crystallizes  from  alcohol  in  slender  red  needles,  and  from 
benzene  in  well  developed  dark-red  plates  with  a  green  metallic 
lustre,  which  melt  at  192 — 193°,  and  are  insoluble  in  water  but 
dissolve  in  alkalis.  When  its  solution  in  acetic  acid  is  heated 
with  acetic  anhydride,  the  compound  C6H4(OH)N2C10Hfi.NH 
(CO.CH3)  is  formed,  which  crystallizes  on  cooling  in  small  red 
needles,  melting  at  198°.  A  second  acetyl  group  could  not  be 
introduced.  The  behaviour  of  the  oxidation  product  which  is 
described  below  shows  that  the  acetyl  group  is  combined  with 
the  nitrogen  atom  of  the  amido-group. 

When  o-hydroxybenzeneazo-/3-naphthylamine  is  heated  to 
150 — 160°  with  concentrated  hydrochloric  acid,  it  decomposes 
into  nitrogen,  catechol  and  yS-naphthylamine,  and  it  is  converted 
into  1 :  2-diamidonaphthalene  by  reduction  with  zinc  dust  and 
acetic  acid.1 

Pseudo-o-kydroxyphenylazimidonaphthalene,  C6H4(OH)  N3C10H6» 
is  prepared  by  the  addition  of  lead  dioxide  to  a  hot  alkaline 
solution  of  the  foregoing  compound,  which  must  therefore  be 
looked  upon  as  o-hydroxyhydrazimidonaphthalene : 

C10H6<  I   /NH.C6H4.OH  +  0  = 

C10H6^  I  ^NC6H4.OH  +  H20. 

It  crystallizes  from  alcohol  in  white  silky  needles,  soluble 
in  caustic  soda  solution,  and  is  not  attacked  by  acetic  anhydride 
or  acetyl  chloride  even  on  heating. 

1  Sachs,  Ser.  18,  3125. 
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p-Hydroxybenzeneazo-/3-naphthylamine  crystallizes  from  glacial 
acetic  acid  or  benzene  in  flat  red  prisms,  melting  at  192 — 193°. 
Its  acetyl  compound  forms  red  lustrous  needles,  which  melt  at 
218°.  On  decomposition  with  hydrochloric  acid  it  yields  quinol 
and  /3-naphthylainme. 

p-Methoxybenzeneazo-^-naphthylamine,G^i.i{0  CHj)  N2.  C  3  0H6.  NH2, 
is  prepared  from  diazo-aniso'il,  and  crystallizes  from  alcohol 
in  dark  red  monosymmetric  prisms,  with  a  metallic  lustre,  which 
melt  at  133°.  Its  acetyl  compound  forms  red,  strongly  lustrous 
needles,  melting  at  198 — 199°. 

Pseudo-p-hydroxyphcnylazimidonaplitlialcne  crystallizes  from 
glacial  acetic  acid  either  in  slender  asbestos-like  needles,  hard 
opaque  nodular  masses,  or  thick  clear  pointed  needles.  On  re- 
crystalhzation  the  needles  are  converted  into  nodular  masses  and 
these  finally  into  the  pointed  needles.  All  three  forms  melt  at 
198 — 199°.  On  boiling  with  acetic  anhydride,  the  compound 
C6H4(OC2H3O)N3C10H6  is  formed,  which  crystallizes  in  long 
silky  needles  or  thin  plates,  and  melts  at  164 — 165°. 

The  following  azo-compounds  have  been  prepared  by  the 
action  of  the  diazo-chlorides  on  the  respective  bases.  Like 
benzeneazo-/S-phenylnaphthylamine  they  are  all  converted  by 
oxidation  with  chromic  acid  into  ammonium  bases.1 

Melting-point. 

£>-Tolueneazo-/3-phenylnaphthylamine, 

C10H6(NH.C6H5)N2C7H7,  coarse,  deep-red,  lustrous 
needles 120° 

Benzeneazo-/3-tolylnaphthylamine, 

C10H6(NHC7Hj)N2C6H5,  long,  deep-red,   lustrous 
needles 152° 

Benzeneazo-a/3-dinaphthylamine, 

C10H6[NH.C10H7(a)]N2C6H6,  woolly  red  needles    .        167° 

a-Naphthaleneazo-/3-phenylnaphthylamine, 

C10H6(NHC6H5)N2C10H7,  dark-red,  lustrous  needles       140° 

/3-Naphthaleneazo-/3-phenylnaphthylamine, 

C10H8(NHC6H5)N2C10H7,  long,  slender,  brick-red 

needles 154 — 155° 

Benzeneazo-/3/3-dinaphthylamine, 

C10H6(NHC10H7)N2C10H7,  red  needles  and  plates  .        139° 

In  addition  to  these  the  following  have  been  described  by 
Fischer  and  Hepp  :  2 

1  Matthes,  Ber.  23,  1325.  2  Annalcn,  256,  256. 
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Melting-point. 
Benzeneazo-ethyl-a-naphthylamine, 

C10H6(NHC2H5)N2C6H6,  red  tablets  or  columns    .  76° 

Benzeneazophenyl-a-naphthylamine, 

C10H6(NHC6H6)N2C6H6,  flat  scarlet  red  plates  .    .        151° 
Benzeneazo-^-tolyl-a-naphthylamine, 

C10H6(NHC7H7)N2C6H6,    red    plates    with    blue 

surface  lustre 144° 

Benzeneazo-a-dinaphthylamine, 

C10H6(NHC10H7)N2C6H6,  short  orange-red  columns       1 28° 

2668  a-Amidoazonaphthalene-,  C10H7.N2.C10H6.NH2,  was  ob- 
tained by  Church  and  Perkin,  who  named  it  azodinaphthyl- 
amine,  by  adding  a  solution  of  1  molecule  of  caustic  potash  and 
1  molecule  of  sodium  nitrite  to  a  solution  of  2  molecules  of 
a-naphthylamine  hydrochloride.1  It  is  also  formed  when 
nitrogen  trioxide  is  passed  into  a  hot  alcoholic  solution  of 
a-naphthylamine,  or  when  the  latter  is  heated  with  sodium 
stannate.2  In  order  to  prepare  it,  a  molecule  of  potassium 
nitrite  is  added  to  a  moderately  dilute  solution  of  a-naphthyl- 
amine hydrochloride,  and  the  solution  then  made  faintly  alka- 
line by  sodium  carbonate;3  or  solutions  of  equal  molecules 
of  a-diazonaphthalene  chloride  and  a-naphthylamine  hydro- 
chloride are  mixed,  and  the  liquid  neutralized  with  sodium 
carbonate.4 

a-Amidoazonaphthalene  is  insoluble  in  cold,  slightly  soluble 
in  hot  water,  crystallizes  from  hot  alcohol  in  well  developed 
reddish-brown  needles  with  a  green  metallic  lustre,  melts 
at  180°,  and  can  be  volatilized  almost  without  decomposition. 
It  dyes  silk  and  wool  a  fine  orange-red,  and  is  converted  by  the 
action  of  tin  and  hydrochloric  acid  into  a-naphthylamine  and 
1  :  4-diamidonaphthalene.  It  forms  a  dark  green  solution,  the 
colour  of  which  is  changed  to  deep  blue  by  the  addition  of  a 
trace  of  water,  and  into  a  rich,  deep  violet,  by  a  further  quantity. 
This  last  colouration  is  also  produced  when  hydrochloric  acid  or 
any  other  strong  acid  is  added  to  the  orange-red  alcoholic  solu- 
tion of  the  base ;  alkalis  or  a  large  excess  of  water  restore  the 
original  colour.  This  behaviour  depends  upon  the  formation  of 
different  salts,  and  is  best  shown  by  dipping  silk  which  has  been 

1  Annalcn,  129,  104 ;  see  also  Chapman,  Annalen,  140,  326 ;  Leeoo,  Ber.  7, 
1290.  2  Martius,  Zeitsch.  1866,  138. 

8  Nietzki,  Ber.  18^297.  4  Friedlander,  Ber.  22,  589. 
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dyed  with  the  base  into  hydrochloric  acid,  and  then  washing 
for  a  considerable  time  with  water.  When  a  small  quantity  of 
hydrochloric  acid  is  added  to  a  cold  alcoholic  solution  of  the 
base,  the  latter  retains  its  orange-red  colour,  and  on  standing 
deposits  flat,  golden-brown  lustrous  prisms  of  (C20H16N3)4HC1. 
If,  however,  a  tenth  of  a  volume  of  strong  hydrochloric  acid 
diluted  with  an  equal  volume  of  alcohol  be  added  to  a  hot 
alcoholic  solution  of  the  base,  the  liquid  becomes  carmine-red 
coloured,  and  dark  purple-red  crystals  of  C20H15N3HC1  separate 
out  on  cooling  ;  finally,  when  hydrochloric  acid  is  used  in  excess 
yellowish -brown  crystals,  with  a  greenish  lustre,  having  the 
composition  C20H15N3.2HC1,  are  deposited.  The  last  two  salts 
are  partially  converted  into  the  one  first  described  by  recrystal- 
lization  from  alcohol. 

When  sulphuric  acid  is  added  to  either  a  cold  or  a  hot  solution 
of  the  base,  the  sulphate,  (C20H16N3)2SO4H2,  separates  from  the 
violet  liquid  in  greenish-brown  crystals,  with  a  golden  lustre, 
which  form  a  red  solution  in  alcohol.  The  acid  salt  could  not 
be  obtained  in  crystals. 

Tetrahydro-a-amidoazonaphihalene,  C10Hn.N 2.C]0H6.NH2,  was 
obtained  by  the  action  of  a-naphthylamine  on  diazotized  tetra- 
hydro-a-naphthylamine,  and  crystallizes  from  alcohol  in  slender, 
brick-red  needles,  which  melt  at  135°,  and  form  a  red  solution 
m  alcohol  (Bamberger  and  Bordt). 

a-/3-Amidoazonaphthalcne  is  formed  when  /3-naphthylamine 
hydrochloride  is  triturated  with  the  necessary  amount  of  hydro- 
chloric acid  and  30  parts  of  water,  sodium  nitrite  added  until 
everything  has  dissolved,  and  a  solution  of  a-naphthylamine 
hydrochloride  then  poured  in ;  on  standing  for  twelve  hours  the 
hydrochloride  separates  out  in  brownish-violet  needles.  The 
free  base  crystallizes  from  alcohol  in  yellowish-brown  needles, 
which  melt  at  152°,  have  no  metallic  lustre,  and  are  more  soluble 
than  the  <z-compound.  It  forms  a  violet-coloured  solution  in 
sulphuric  acid,  and  its  salts  have  a  redder  shade  than  those  of 
the  a-compound.1 

/3-Amidoazonaphtlialene  is  formed  by  the  action  of  /3-diazo- 
naphthalene  chloride  on  /3-naphthylamine,  and  crystallizes  from 
aniline  or  xylene  in  red  needles,  melting  at  156°,  which  form 
violet-coloured  solutions  in  strong  acids.  It  is  a  much  weaker 
base  than  the  a-compound,  and  is  decomposed  by  the  action  of 
stannous  chloride  into  /3-naphthylamine  and  1  : 2-diamido- 
1  Nietzki  and  Gottig,  Bcr.  20,  612. 
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naphthalene.  Its  acetyl  compound  crystallizes  from  benzene 
in  prisms  melting  at  21 8".1 

Its  diazo-chloride  is  only  stable  in  acetic  acid  solution,  and 
is  converted  by  the  addition  of  water  into  /3-naphthaleneazo- 
/3-naphthol.  Stannous  chloride  reduces  the  diazo-chloride  to 
diazonaphthyl  hydride,  C10H7.N2C10H6N2H,  which  crystallizes 
in  needles  melting  at  202 — 204°,  and  is  converted  by  nitric 
acid  into  the  diazo-nitrate,  and  by  bromine  into  the  perbromide 
(Zmcke  and  Lawson). 

fi-Amidoazoxynaphthalene,  (C10H6.NH2)2N2O,  is  formed  when 
an  alcoholic  solution  of  /3-amido-a-nitrosonaphthalene  (p.  243), 
acidified  with  acetic  acid,  is  allowed  to  stand  with  phenyl- 
hydrazine  : 

/NH2 

/NO  X 

2C10H6(  =  |   >0  +  H20. 

\NH2  .**/ 

\NH2 

It  crystallizes  from  dilute  alcohol  in  matted  red  needles,  melts 
at  121 — 122°,  and  readily  dissolves  in  concentrated  sulphuric 
acid,  from  which  it  is  reprecipitated  by  water.2 


AZO-COLOURING    MATTERS. 

2669  The  history  of  these  substances  has  already  been  briefly 
sketched  (Part  III.,  p.  359).  Their  preparation  received  a  new 
impetus  when  Caro  in  1877,  by  the  application  of  naphthionic 
acid  in  place  of  sulphanilic  acid,  which  had  up  to  that  time 
been  employed,  prepared  the  first  commercially  valuable  red 
dye — known  by  the  name  of  fast  red.  The  use  of  other 
sulphonic  acids  of  the  naphthols  and  naphthylamines,  especially 
of  the  /3-compounds,  soon  led  to  the  preparation  of  a  great 
number  of  azo-dyes,  whose  shades  run  over  the  whole  gamut  of 
colour  between  scarlet  and  the  deep  shade  of  port  wine. 

In  the  same  year  Caro  and  Schraube  showed  that  the 
diamidoazo-compounds  can  be  converted  into  diazo-compounds 

1  Lawson,  Ber.  18,  2422 ;  Nietzki  and  Goll,  Ber.  19,  1281. 

2  Harden,  Annalen,  255,  160. 
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which  in  their  turn  combine  with  phenols,  &c,  to  form  disazo- 
compounds  i.e.  containing  the  group  ■ — N~N —  twice  over ; 
and  such  disazo-colours,  on  account  of  their  great  dyeing  power, 
soon  received  technical  application.  The  first  example  is  Biebrich 
scarlet,  discovered  by  Nietzki,  and  many  others  axe  now  known, 
varying  in  colour  from  light-red  to  bluish-black. 

Only  the  most  important  colouring  matters  derived  from 
naphthalene  will  here  be  described.  For  further  information 
reference  may  be  had  to  the  works  cited  below.1 

a-Naphiholazooenzene-m-sulphonic  acid,  C10H6(OH).N2.C6HV 
S03H,  was  obtained  by  Griess  by  mixing  alcoholic  solutions  of 
a-naphthol  and  m-diazobenzenesulphonic  acid,  and  adding 
hydrochloric  acid  to  the  orange-red  solution.  It  crystallizes  in 
very  small,  blackish-green  plates,  which,  when  rubbed  to 
powder  on  a  watch-glass,  appear  golden-yellow  by  reflected  and 
violet  by  transmitted  light ;  it  is  moderately  soluble  in  hot 
alcohol  and  water.2  Its  sodium  salt  is  known  as  Metanil- 
orange  I. 

The  isomeric  substance  prepared  from  /3-naphthol  forms 
small  needles,  which  show  a  golden  lustre  when  powdered,  and 
appear  red  by  transmitted  light.  Its  sodium  salt  is  known  as 
Metanil-orange  II. 

a-Naphtholazobenzenc-p-sulphonic  acid  is  precipitated  by  hydro- 
chloric acid  from  its  sodium  salt  in  black  plates.3  This  salt,  which 
was  discovered  by  Roussin  and  Witt,  is  known  by  the  names  of 
a-Naphthol  orange,  Orange  I,  and  Tropceolin  000,  No.  I.4  It 
dyes  wool  and  silk  in  an  acid  bath  a  red  shade  of  orange,  but 
has  little  value  as  a  dye  since  its  colour  is  changed  to  carmine- 
red  by  alkalis.  It  is,  however,  employed  for  the  preparation 
of  a-amidonaphthol  and  ^-naphthoquinone.  On  the  small  scale 
it  can  be  easily  prepared  by  dissolving  33  grams  of  a-naphthol 
and  26  grams  of  caustic  potash  (fused  sticks)  in  2'5  litres  of 
water  free  from  lime,  and  running  this  in  a  thin  stream  into 
a  second  solution  made  up  by  mixing  a  solution  of  20  grams  of 
potassium  nitrite  in  800  grams  of  water  with  one  of  40  grams, 
of  sulphanilic  acid  and  12  grams  of  sodium  carbonate  in  3  litres 
of  water  and  adding  24  grams  of  sulphuric  acid.  On  the 
addition  of  common  salt  to  the  dark-red  liquid,  the  sodium  salt 

1  Schultz,  Chemie  des  Steinkohlenlheers  ;  Friedlander,  Theerfarbcnfdbrikation. 

2  Ber.  11,  2197. 

s  Schultz,  Chemie  das  Steiiikohlentheers,  2  ed.  2,  221. 
1  Schultz,  Chemie  des  Steinkohleniheers,  2  ed.  2   66. 
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crystallizes  out,  and  can  be  obtained  from  boiling  water  in  long 
red  needles. 

/3-Naphtholasobenzene-p-sulphonic  acid  occurs  in  commerce  as 
tbe  sodium  salt,  under  the  names  of  fi-Naphthol  orange,  Orange 
II,  Tropmolin  000,  No.  2  ;  Mandarin  G,  Chrysaurem,  &c,  and  is 
prepared  in  a  similar  manner  to  the  preceding  compound  from 
/3-naphthol  and  sulphonic  acid.1  It  crystallizes  from  hot  water 
in  orange-yellow  plates,  which  lose  their  water  of  crystallization 
on  drying,  and  fall  to  a  scarlet-red  powder.  When  concentrated 
hydrochloric  acid  is  added  to  the  alcoholic  solution,  the  sulphonic 
acid  separates  out  in  hair-like  red  needles.2  The  commercial 
product  is  used  for  dyeing  orange  on  wool,  silk,  and  cotton,  mor- 
danted with  aluminium  stannate,  and  it  is  also  employed  in  con- 
junction with  red  colouring  matters  for  scarlet,  &c,  as  well  as 
with  indigo-carmine  for  different  shades  of  brown,  olive,  &c. 

When  /3-naphthol  orange  is  made  into  a  paste  with  hot  water, 
a  solution  of  acid  sodium  sulphite  added,  and  the  mixture  heated 
on  the  water-bath,  the  colour  of  the  solution  changes  from 
brownish-red  to  yellow,  and  on  the  addition  of  salt  a  new  dye, 
known  as  Narceln,  C10H6(OH)NH— N(S03Na)C6H4.S03Na,  is 
precipitated  in  yellow  crystals.3 

Mandarin  G  B,  C6H3(CH3XSO3Na)N2.C10H6.OH,  is  obtained 
by  the  action  of  o-diazotoluenesulphonic  acid  on  an  alkaline 
solution  of  /3-naphthol,  and  forms  a  brick-red  powder,  which 
dissolves  in  water  with  a  reddish-yellow  colour.  It  forms  a 
magenta-red  solution  in  sulphuric  acid,  from  which  it  is  separated 
by  water  as  a  yellowish-brown  flocculent  precipitate. 

fi-Naphiholazophenolsulphonic  acid,  C10H6(OH)N2.C6H3(OH) 
S03H,  is  the  first  red  azo-dye  which  was  brought  into  the 
market,  and  was  obtained  by  Griess  by  converting  o-amido- 
phenol-jp-sulphonic  acid  into  the  diazo-compound,  and  bringing 
this  into  a  solution  of  /3-naphthol  in  caustic  soda.4  Hydrochloric 
acid  added  to  the  carmine-red  solution  precipitates  the  colouring 
matter.  The  sodium  salt  produces  pink  or  red  shades  on  alumina 
or  tin  mordants,  which  are  fast  towards  light. 

Ponceau  4  G  B,  C6Hfi.N2.Cl0HB.(OH)SO3Na,  which  is  also 
called  Brilliant  orange  or  Croccin  orange,  was  first  prepared  by 
Griess  by  the   action  of  diazobenzene  nitrate  on  an  alkaline 

1  For  the  manufacture  see  Miihlhauser,  Dingl.  Polytech.  Jour.  264,  187. 

2  Hofmann,  Ber.  10,  1378  ;  Griess,  Ber.  11,  2198  ;  Miller,  Ber.  13,  268. 

3  Cf.  Spiegel,  Ber.  18,  1479  ;  Nolting,  Monit.  Scicnt.  1886,  319,  &c. 
*  German  Patent,  No.  3224,  March  12th,  1878. 
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solution  of  /3-naphthol-/3-sulphonic  acid.  The  free  acid  crystal- 
lizes in  reddish-brown  needles  with  a  metallic  green  surface 
lustre.1  The  commercial  sodium  salt  is  a  fiery  red  powder, 
which  forms  an  orange-coloured  solution  in  water. 

Azococcin,  CaH3(CH3)2.N'2.C10H5(OH)SO8Na)  is  obtained  by 
the  action  of  diazo-xylene  on  1 :  4-naphtholsulphonic  acid,  and  is 
a  reddish-brown  powder,  only  sparingly  soluble  in  water,  which 
forms  a  magenta-red  solution  in  sulphuric  acid.  It  is  employed 
for  dyeing  silk  red,  and  produces  a  red  on  wool  which  withstands 
milling. 

Scarlet  M  is  formed  in  a  similar  manner  from  /3-naphthol-/3- 
sulphonic  acid,  and  occurs  in  commerce  as  a  cinnabar-red 
powder  which  dissolves  in  water  with  a  yellowish-red  and  in 
sulphuric  acid  with  a  magenta-red  colour.  It  is  employed  for 
dyeing  wool,  and  for  the  preparation  of  lacquer  colours. 

Ponceau  2B,  C0H3(CH3)2.N2.C10H4(OH)(SO3Na)2,  is  largely 
used  as  a  substitute  for  cochineal,  and  is  prepared  from  commercial 
xylidine,  which  is  diazotized  with  sodium  nitrite  in  hydrochloric 
acid  solution,  an  ammoniacal  solution  of  sodium  /3-naphthol-a- 
disulphonate  being  then  added.  It  is  a  red  powder,  freely  soluble 
in  water ;  concentrated  sulphuric  acid  dissolves  it  to  a  red 
solution  which  becomes  reddish-yellow  on  dilution  with  water. 

Fast  red  or  Rocccllin,  C10H6(OH)N2.C10H6SO3Na,  was  dis- 
covered in  1877  by  Caro  and  Roussin,  and  is  formed  by 
the  action  of  1  :  4-diazonaphthalenesulphonic  acid  on  an  alkaline 
solution  of  /3-naphthol.  It  occurs  in  commerce  as  a  brownish- 
red  powder,  which  is  sparingly  soluble  in  cold,  readily  in  hot 
water  with  a  poppy-red  colour.  It  forms  a  violet-coloured  solu- 
tion in  sulphuric  acid,  which  changes  to  yellowish-brown  on 
dilution.  In  acid  solution  it  dyes  wool  and  silk  very  full  shades. 
Cotton  must  first  be  mordanted  by  being  passed  through  sodium 
stannate  and  then  through  alum  solution.  Fast  red  can  be 
applied  in  conjunction  with  magenta,  orange  II.,  naphthol 
yellow  or  indigo-carmine,  and  is  used  in  most  cases  as  a 
substitute  for  the  red  dye-woods  and  archil. 

The  free  acid  is  slightly  soluble  in  cold,  more  readily  in  hot 
water,  very  readily  in  alcohol,  with  a  blood-red  colour,  and  is 
precipitated  from  the  boiling  solution  by  hydrochloric  acid  in 
reddish-brown  needles,  which  form  a  blood-red  powder.2  The 
pure  sodium  salt  crystallizes  from  water  in  brown  needles.  The 
calcium  and  barium  salts  are  scarcely  soluble  in  water. 
1  Ber.  11,  2197  -  Griess,  Ber.  11,  2199. 
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DISAZO-COLOURING  MATTERS. 

2670  Disazobenzene-a-naphthol,  (C6H5N2)2C10H5.OH,  is  readily- 
formed  when  a  solution  of  two  molecules  of  diazobenzene  chloride 
is  allowed  to  run  into  a  solution  of  one  molecule  of  a-naphthol, 
which  must  be  kept  faintly  alkaline ;  it  is  deposited  after 
twelve  hours  as  a  brown  powder.  When  its  solution  in  aniline 
is  allowed  to  cool,  it  separates  out  as  a  mass  of  slender  dark- 
green  needles,  which  are  readily  soluble  in  ether  and  benzene, 
with  difficulty  in  alcohol,  and  melt  at  183°.  It  forms  a  dark- 
green  coloured  solution  in  sulphuric  acid.  Its  constitution  is 
shown  by  the  fact  that  it  is  decomposed  into  aniline  and  2  :  4- 
diamido-a-naphthol  by  treatment  with  tin  and  hydrochloric 
acid.1 

Its  sulphonic  acid,  [C6H4(SO3H)N2]2C10H6.OH,  is  manufactured 
in  a  similar  manner  from  j>-diazobenzenesulphonic  acid  and  o- 
naphthol.  The  sodium  salt  is  sold  as  Fast  brown  G,  and  is  a 
brown  powder  which  forms  a  brownish-red  solution  in  water ; 
in  which  hydrochloric  acid  produces  a  bluish-violet  precipitate, 
and  caustic  soda  a  cherry-red  colouration.  The  sodium  salt 
forms  a  violet  coloured  solution  in  sulphuric  acid,  and  is  decom- 
posed by  reduction  into  sulphanilic  acid  and  2  :  4-diamido-a- 
naphthol  (Krohn).  It  is  employed  for  dyeing  wool  brown,  whilst 
a-naphthol  orange,  which  is  obtained  from  equal  molecules  of 
the  above  compounds,  is  an  orange-yellow  colouring  matter. 
The  Fast  brown  which  is  obtained  from  a-naphthol  and  diazo- 
xylylsulphonic  acid  is  very  similar  to  fast  brown  G. 

Toluene'azodiamidobenzene-azonaphthalene,C7JI7.~Ni.C6HL2(NTI2j 
N2.Cl0H7.  When  /3-diazonaphthalene  chloride  is  allowed  to 
act  upon  m-diamidobenzene,  naphthalene-azodiamidobenzene, 
C10H7.N2.C6H3(]SrH2)2,  is  formed.  This  substance  crystallizes  in 
elongated,  light-yellow  plates,  and  is  converted  by  the  action  of 
jj-diazotoluene  into  the  above  compound.  The  latter  crystal- 
lizes in  small,  lustrous,  copper-red  plates,  readily  soluble  in 
chloroform,  from  which  they  are  reprecipitated  by  alcohol. 
It  is  not  a  colouring  matter,  but  yields  one  on  treatment 
with  fuming  sulphuric  acid ; 2  this  substance  is  closely  re- 
lated to  Acid  brown   B,  which  is  obtained  by  the   action  of 

1  Krohn,  Bcr.  21,  3240.  2  Griess,  Bar.  16,  2028. 
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1  : 4-diazonaphthalenesulphonic    acid    on   chrysoiidin    (Pt.    III., 

p.  370) : 

/N=NX  C6H3N=NCeH5 

C10H  /  >0  +   | 

\  S09  /         (NHj), 


—    ^10-^-6^ 


,N=N C6H2=N.C6H5 


^S08.OH        (NH2)2 


The  sodium  salt  comes  into  the  market  as  a  brown  powder, 
the  aqueous  solution  of  which  gives  a  brown  precipitate  with 
hydrochloric  acid.  It  forms  an  olive-green  coloured  solution  in 
sulphuric  acid. 

Azolenzeneazo-ft-naphthol  is  formed  when  an'  alkaline  solution 
of  /3-naphthol  is  brought  together  with  one  of  diazo-azobenzene 
chloride  prepared  from  amido-azobenzene,  sodium  nitrite,  and 
hydrochloric  acid  : 

C6H5N=NC6H4N=NC1  +  C10H7.OH  = 
C6H6N— NC6H,N=:NC10H6.OH  +  HC1. 

In  this  way  a  brick-red  powder  is  obtained,  which  is  insoluble 
in  alkalis  and  crystallizes  from  acetic  acid  in  brown  plates 
with  a  green  metallic  lustre,  melting  at  195°.  It  is  slightly 
soluble  in  alcohol  and  cold  turpentine,  readily  on  heating.  It 
forms  a  dark-green  coloured  solution  in  sulphuric  acid,  from 
which  it  is  precipitated  by  water.  Tin  and  hydrochloric  acid 
decompose  it  into  aniline,  p-diamidobenzene  and  amido-/3- 
naphthol.1 

It   is   used   under  the  name   of  Soudan   III.  for  colouring 

o 

lacquers,  oils,  fats,  &c.      The    sodium   salts  of  several   of  its 
sulphonic  acids  are  also  sold  as  dyes. 

Disazobenzenedihydroxynaphthalene,  or  Phenyldisazonaphtho- 
resorcinol,  (C6H6N2)2C10H4(OH)2,  is  obtained  when  an  alkaline 
solution  of  phenylazonaphthoresorcinol  is  treated  with  an  excess 
of  caustic  soda  solution,  and  the  brick-red  sodium  compound 
thus  formed  brought  together  with  diazobenzene  chloride,  the 
mass  becoming  coloured  dark-red.  It  crystallizes  from  a  mixture 
of  alcohol  and  chloroform  in  long  red  needles,  and  on  reduction 
yields  the  same  products  as  nitrosophenylazonaphthoresorcinol, 
so  that  it  must  have  the  following  constitution  (Kostanecki)  : 

1  Nietzki,  Bcr.  13,  1838. 
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N=NC6H, 

N-NC6HS 
OH 

Disazolenzene-a-naphtkylamwie,  (C6H6N2)2C10H5NH2,  is  formed 
when  a  solution  of  one  molecule  of  diazobenzene  chloride  is 
allowed  to  run  into  an  alcoholic  solution  of  one  molecule  of 
benzene-azo-a-naphthylamine  to  which  sodium  acetate  has  been 
added.  It  crystallizes  from  aniline  in  well-developed  red  needles, 
melting  at  189°.  Its  salts  dissolve  in  alcohol,  forming  blue 
solutions,  and  are  decomposedby  water.1 

Fast  scarlet  or  Double  scarlet,  C6H4(S03Na)N2.C6H4N2. 
C10H6.OH,  is  obtained  from  fast  yellow  or  amido-azobenzene- 
sulphonic  acid  by  diazotizing  and  running  the  product  into  an 
alkaline  solution  of  /3-naphthol.  It  is  a  brownish-red  powder, 
forms  a  poppy-red  solution  in  water,  and  imparts  a  green  colour 
to  sulphuric  acid,  which  is  converted  by  water  into  blue,  bluish- 
red,  and  finally  scarlet. 

This  compound  is  a  constituent  of  Biebrich  scarlet,  which  is 
obtained  by  treating  amido-azobenzene  sulphate  with  fuming 
sulphuric  acid.  The  disulphonic  acid  is  the  chief  product,  but 
is  accompanied  by  a  smaller  amount  of  the  monosulphonic  acid. 
The  mass  is  neutralized  with  caustic  soda  solution  and  then 
diazotized  at  a  low  temperature  with  sodium  nitrite  and  hydro- 
chloric acid,  the  liquid  thus  obtained  being  finally  run  into  a 
solution  of  /3-naphthol  in  caustic  soda  solution  at  a  temperature 
of  about  5°. 

The  commercial  product,  which  is  also  called  Ponceau  SB,  is 
a  reddish-brown  powder,  which  forms  a  yellowish-red  solution 
in  water.  Its  green  solution  in  sulphuric  acid  is  coloured 
blue  by  water,  a  flocculent  brown  precipitate  being  then  pro- 
duced. 

Biebrich  scarlet  dyes  wool  and  silk  the  same  shade  as 
cochineal.  Nietzki  has  prepared  its  constituents  in  the  pure 
state.  The  sodium  salt  of  the  monosulphonic  acid  crystallizes 
from  alcohol  in  elegant  red  needles;  that  of  the  disulphonic 
acid,  C6H4(SOgNa)2N2.C6H8(SO3Na)N2.C10H6.OH,  separates  out 
on  cooling  as  a  gelatinous  mass,  changing  to  long  matted 
needles  when  common  salt  is  carefully  added  to  a  hot  aqueous 
1  Krohn,  Ber.  21,  2346. 
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solution,  which  must  not  be  too  concentrated.  It  crystallizes 
from  dilute  alcohol  in  light-red,  hair-like  needles,  which  lose 
water  on  drying  and  become  brownish-red.  Concentrated 
hydrochloric  acid  separates  the  sulphonic  acids  from  their  salts 
in  brown  needles.  When  they  are  treated  with  zinc  dust  in 
alkaline  solution  they  decompose  into  amido-/3-naphthol  and 
the  sulphonic  acids  of  amidoazobenzene,  whilst  when  stannous 
chloride  is  used  the  latter  decompose  into  sulphanilic  acid  and 
p-diamidobenzene  or  its  sulphonic  acid.1 

By  the  action  of  diazo-azobenzene  on  /3-naphthol-a-disulphonic 
acid  Ponceau  SS  extra  is  formed,  whilst  /3-naphthol-/3-disulphonic 
acid  yields  Brilliant  crocein.  These  colouring  matters  are,  how- 
ever, at  present  only  of  inferior  value.2 

Cloth  red  G,  C6H4(CH3)N2.C6Hs(CH3)N2.C10H5(OH)SO3Na, 
is  prepared  by  the  action  of  diazo-azotoluene  chloride  on 
/3-naphthol-/3-sulphonic  acid,  and  is  a  powder  which  is  only 
slightly  soluble  in  water  with  a  brownish-red  colour,  and  forms 
a  blue  solution  in  sulphuric  acid  ;  on  the  addition  of  water  to 
this  a  brownish-red  precipitate  is  produced. 

Cloth  red  B,  C6H4(CH!)Na.C6H8(CHa)N2O10H4(OH)(SO8Na)2, 
is  obtained  in  a  similar  manner  from  /3-naphthol-a-disulphonic 
acid.  The  brownish-red  powder  dissolves  in  water,  forming  a 
magenta-red  solution,  and  behaves  towards  sulphuric  acid  in  the 
same  manner  as  cloth  red  G. 

Both  these  substances  dye  shades  which  are  fast  to  light  and 
milling  and  can  also  be  used  in  conjunction  with  the  natural 
colouring  matters,  such  as  the  dye  woods,  for  dyeing  wool. 

Another  Cloth  red  B  is  prepared  in  a  similar  manner  from 
a-naphthol-/3-sulphonic  acid,  and  a  Cloth  red  B  extra  from 
/S-naphthol-a-sulphonic  acid,  whilst  Archil  red  A  is  obtained  by 
the  action  of  diazo-xylene  chloride  on  /3-naphthol-a-disulphonic 
acid. 

Other  red  colouring  matters,  which  are  termed  Ponceau, 
Bordeaux,  &c,  are  obtained  from  the  diazobenzene-,  diazotoluene- 
and  diazo-xylene-sulphonic  acids  by  reaction  with  the  various 
naphtholsulphonic  acids. 

Fast  violet,  C6H4(SO3Na)N2.CluH6.N2.C10H6(OH)SO3Na,  which 
produces  a  reddish-violet  shade  on  wool,  is  obtained  by  diazotizing 
sulphanilic  acid  and  converting  the  product  by  means  of 
a-naphthylamine  into  naphthylamine-azobenzenesulphonic  acid, 

1  Nietzki,  Ber.  13,  800  and  1838. 

2  Friedlander,  Theerfarbevfabr,  445 
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"which  is  then  again  diazotized  and  caused   to  combine  with 
/3-naphthol-/3-sulphonic  acid. 

Azo-black,  C10H6(SO3Na)N2.C10H6.N2.C10H4(OH)(SO3Na)2,  is 
prepared  by  sulphonating  /3-naphthylamine  and  converting 
the  mixture  of  sulphonic  acids  by  means  of  a-naphthylamine 
into  a-naphthylamine-azonaphthalenesulphonic  acids,  which  are 
then  diazotized  and  combined  with  /3-naphthol-a-disulphonic 
acid.  It  is  a  blue-black  powder,  which  dyes  wool  bluish-violet, 
forms  a  solution  of  the  same  colour  in  water,  and  imparts  a 
bluish-green  colour  to  sulphuric  acid,  which  on  dilution  with 
water  becomes  blue,  a  precipitate  of  the  same  colour  being 
subsequently  formed. 

NapMKol  black  B,  C10H6(SO3Na)2N2.C10Ha.N2.C10H4(OH)(SO3 
Na)„  is  obtained  by  converting  /3-naphthol-/3-disulphonic  acid 
into  the  corresponding  naphthylaminedisulphonic  acid  by  heating 
with  ammonia  and  then  preparing  from  this  a-naphthylamine- 
azonaphthyldisulphonic  acid,  which  is  finally  combined  with  /3- 
naphthol-a-disulphonic  acid.  It  is  a  blue-black  powder  which 
forms  a  violet-coloured  solution  in  water,  and  dyes  wool  blue-black 
in  an  acid  bath.  It  dissolves  in  sulphuric  acid,  forming  a  green 
solution  which  is  changed  to  blue  by  the  addition  of  water,  a 
reddish-violet  precipitate  being  then  formed. 

Wool  Hack,  CH3.C6H4.NH.C10H6.N2.C6H3(SO3Na).N2.C6H4. 
S03Na,  was  discovered  by  L.  Schad.  In  order  to  prepare  it, 
2)-tolyl-/3-naphthylamine  is  dissolved  in  alcohol,  the  equivalent 
amount  of  hydrochloric  acid  added  and  diazo-azobenzenedisul- 
phonic  acid  brought  into  the  solution.  The  acid  of  the  dye  which  is 
thus  formed  is  precipitated  by  the  addition  of  common  salt,  washed 
with  water  and  dissolved  in  sodium  carbonate  solution.  On  the 
addition  of  salt  to  this  liquid  the  wool-black  separates  out  in 
fine  crystalline  plates  which  form  a  blue-black  powder  after 
drying.  This  dissolves  in  water  with  a  violet  colour,  whilst  its 
solution  in  sulphuric  acid  is  blue.  It  dyes  wool  a  fast  dark 
bluish-violet  to  deep  black-blue,  a  fine  black  being  produced 
when  naphthol-yellow  and  ethyl-green  are  added. 

Other  good  black  dyes  for  wool  are  obtained  by  employing 
the  diazonaphthalenedisulphonic  acids  instead  of  the  diazo- 
benzenedisulphonic  acids. 

Violet-black,    NH3.C10H6.N2.C6H4.N2.C10H5(OH)SO3Na.      In 

order  to   prepare   this  substance,  monacetyl-^-diamidobenzene 

is  diazotized  and  the  product  treated  with  an  alkaline  solution 

of  a-naphthol-a-sulphonic  acid.   The  azo-compound  thus  formed 

318 
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is  boiled  with  caustic  soda  solution  to  replace  the  acetyl  group 
by  hydrogen  and  the  p-amidobenzeneazonaphtholsulplionic  acid, 
C0H4(NH2)N2.C10H6(OH)SO3H,  again  diazotized.  The  product 
is  then  brought  into  a  hot  solution  of  a-naphthylamine  hydro- 
chloride, and  the  liquid  after  standing  for  a  considerable  time 
heated  to  boiling.  The  filtered  and  washed  colouring  matter  is 
then  dissolved  in  hot  sodium  carbonate  solution,  and  the  sodium 
salt  precipitated  by  common  salt. 

Violet-black  is  a  powder  with  a  bronze  lustre  and  forms  a 
brownish-red  solution  in  water,  which  is  changed  to  reddish- 
violet  by  caustic  soda,  whilst  hydrochloric  acid  produces  a  violet 
precipitate.  It  dissolves  in  concentrated  sulphuric  acid  to  form 
a  blue  coloured  solution  in  which  water  produces  a  violet  pre- 
cipitate. 

Violet-black  not  only  dyes  silk  and  wool  but  also  unmordanted 
cotton  a  fine  dark  violet-black  in  a  faintly  alkaline  soap-bath. 
It  is  employed  as  a  ground  for  aniline  colours,  since  it  also  acts 
as  a  mordant  for  these. 

As  already  mentioned,  only  the  water-soluble  sulphonic  acids 
were  at  first  used  for  dyeing,  as  considerable  difficulty  was 
experienced  in  applying  the  spirit-soluble  colouring  matters. 
These  were  however  overcome  by  the  discovery  that  the  dyes 
in  question  combine  with  acid  sodium  sulphite  or  ammonium 
sulphite  to  form  soluble  compounds,  which  can  again  be  decom- 
posed by  steaming  or  by  alkalis,  the  colouring  matter  being 
thus  fixed  on  the  fibre  (Pt.  III.  p.  360). 

Azarin,  C6H2Cl2(OH)NH.N(SO3NH4)C10H6(OH),  is  a  sub- 
stance of  this  class  which  was  for  a  time  brought  into  the 
market  and  is  obtained  by  heating  the  compound  formed  by  the 
action  of  diazodichlorophenol  on  /3-naphthol  with  a  solution  of 
acid  ammonium  sulphite.  It  can  be  employed  in  calico  printing 
since  the  dichlorophenolazo-(3-napM7wl,  C6H2C12(OH)N2.C10H6.OH, 
which  is  set  free  by  steaming,  combines  with  the  alumina  with 
which  the  fabric  is  simultaneously  mordanted  to  form  a  fine 
red  compound.  Other  azarins  were  also  prepared  but  the 
process  proved  to  be  too  dear. 

Holliday  and  Grassier  had  even  before  this  proposed  to 
produce  the  insoluble  azo-dyes  on  the  fibre  itself,  and  in  this 
way  to  fix  them,  especially  upon  cotton.  Difficulties  were 
met  with  but  these  have  now  been  overcome. 

The  material  is  first  passed  through  an  alkaline  solution  of 
a-naphthol,  /3-naphthol,  or  some  other  phenol,  hung  up  in  a 


APPLICATION  OF  INSOLUBLE  DYES  279 

cold  drying  room  until  dry  and  then  taken  through  a  solution 
of  a  diazo-salt.  The  colour  has  a  better  appearance  when  no 
free  mineral  acid  is  present,  and  it  is  therefore  usual  to  add 
sodium  acetate  to  the  diazo-solution  before  employing  it. 
Yarn  does  not  require  to  be  dried  but  is  simply  wrung  out 
and  then  passed  through  the  diazo-bath ;  the  colour  rapidly 
develops  and  the  material  is  then  well  washed  with  water. 
An  essential  condition  is  that  the  temperature  must  not  rise 
above  5°,  so  that  ice  must  usually  be  added.  The  azo-colours 
can  be  fixed  in  a  similar  way  in  calico  printing,  the  cloth 
being  first  passed  through  an  alkaline  naphthol  solution,  then 
dried,  and  finally  printed  with  a  thickened  diazo-solution ;  or 
the  cloth  can  be  first  printed  with  the  naphthol  solution  and 
then  brought  into  the  diazo-bath.1 

According  to  another  process  a  thickened  concentrated  solu- 
tion of  the  diazo-salt  is  printed  on  to  the  cloth,  which  is  then 
dried  in  the  cold  and  passed  through  the  alkaline  naphthol 
solution,  after  which  it  is  well  washed  and  boiled  in  soap  solu- 
tion. Any  required  combination  of  colours  can  be  obtained  by 
the  use  of  mixtures  of  phenol-  or  diazo-compounds.2 

Wool  is  well  known  to  have  the  power  of  absorbing  many 
colouring  matters  and  other  chemical  compounds,  and  a  further 
account  of  this  property  will  be  given  in  discussing  the  rosani- 
line  dyes.  It  may  here  be  mentioned  that  the  sulphonic  acids 
of  the  naphthols  are  fixed  by  wool  both  in  acid  and  in  neutral 
solution  in  such  a  way  that  they  cannot  be  washed  out.  If  the 
wool  is  subsequently  brought  into  the  solution  of  a  diazo-salt 
and  ammonia  added,  the  colouring  matter  is  developed  in  the 
fibre.  The  sulphonic  acids  of  the  naphthylamines  are  also  fixed 
by  wool.  When  naphthionic  acid  is  used  and  is  then  diazotized 
in  an  acidified  sodium  nitrite  solution,  the  wool  on  treat- 
ment with  an  alkaline  /3-naphthol  solution  takes  the  shade  of 
fast  red. 

This  new  process  of  dyeing  however  does  not  appear  to  be  of 
any  technical  importance.3 

1  Farbw.  vorm.  Meister,  Lucius  and  Briining,  Chem.  Zeit.  Rep.  1889,  13,  212 
and  274.  *  Schultz,  Steinkohlcnthecr,  2,  1038. 

3  Hirsch,  Chem.  Zeit.  1889,  13,  432  and  449. 
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PHOSPHORUS  DERIVATIVES  OF 
NAPHTHALENE. 

2671  Naphthyl  phosphorus  chloride,  C10H7PC12,  was  obtained 
by  Kelbe  by  the  action  of  phosphorus  trichloride  on  mercury- 
naphthyl  as  an  oily  liquid  which  boils  with  decomposition 
above  360°. 

Naphthyl  hypophosphinic  acid,  C10H7P(OH)2,  is  formed  by  the 
decomposition  of  the  chloride  with  water,  and  crystallizes  in 
small  needles,  which  melt  at  125 — 126°,  and  are  slightly  soluble 
in  cold,  more  readily  in  hot  water.  On  boiling  with  silver 
nitrate  solution,  silver  is  precipitated. 

Naphthylphosphinic  acid,  C10H7PO(OH)2,  is  prepared  by  com- 
bining the  chloride  with  chlorine  and  decomposing  the  product 
with  water.  It  is  sparingly  soluble  in  cold,  more  freely  in  hot 
water,  crystallizes  in  long  needles,  melts  at  190°,  and  when 
strongly  heated  becomes  partially  carbonized  and  decomposes 
into  naphthalene  and  metaphosphoric  acid.  The  silver  salt, 
C10H7PO(OAg)2,  is  a  white  precipitate  which  becomes  dark 
coloured  in  the  light. 

Dinaphthylphosphinic  acid,  (C10H7)2PO(OH),  is  formed,  together 
with  naphthylhypophosphinic  acid,  when  the  crude  chloride  is 
decomposed  with  water.  It  is  insoluble  in  water  and  crystallizes 
from  alcohol  in  nodular  aggregates  of  needles,  which  melt  at 
202—204°  and  solidify  on  cooling  to  a  crystalline  mass.  It 
decomposes  the  alkali  carbonates  and  is  reprecipitated  by  acids 
as  a  curdy  mass. 

Diethylnaphthylphosphine,  C10H7P(C2H6)2,  is  formed  by  the 
action  of  zinc  ethyl  on  the  chloride.  It  is  an  oily  liquid,  which 
has  a  repulsive  odour,  resembling  that  of  phenylphosphine,  and 
boils  with  decomposition  above  360°.  It  unites  with  ethyl 
iodide  to  form  triethylnaphthylphosphonmmiodide,  C10H7P(C2H6)3I, 
which  crystallizes  from  water  in  well-formed  plates,  melting 
at  2090.1 

1  Bcr.  9,  1051  ;  H,  1499. 
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ARSENIC  DERIVATIVES  OF  NAPHTHYL. 

2672  Naphthylarsenious  chloride,G10H.7AsCl2,  is  obtained  by  the 
action  of  arsenic  trichloride  on  mercurynaphthyl.  It  is  a  white 
crystalline  powder,  melts  at  63°,  and  is  readily  soluble  in  alcohol, 
but  insoluble  in  water,  and  is  not  decomposed  by  the  latter  even 
on  heating. 

Naphthylarsenious  oxide,  C10H7AsO,  is  formed  by  the  decom- 
position of  the  chloride  by  alkalis  as  a  white  powder,  which 
melts  at  245°,  and  is  insoluble  in  water,  slightly  soluble  in 
alcohol.1 

Naphthylarsinic  acid,  C10H7AsO(OH)2,  is  obtained  by  the 
action  of  chlorine  and  water  on  the  chloride,  and  crystallizes  in 
well-formed  needles,  melting  at  197°  (Kelbe). 

Arsenonaphlhalene,  (G^^^As^,  is  prepared  by  heating  the 
oxide  with  alcohol  and  solid  phosphorous  acid : 

2C10H7AsO  +  2P03H3  =  ?  i|     +2  P04H3. 

C10H7As 

It  is  a  powder  which  consists  of  slender  yellow  needles,  melts 
at  221°,  is  sparingly  soluble  in  alcohol,  insoluble  in  water,  and 
combines  with  chlorine  to  form  naphthylarsenious  chloride. 


MERCURY  DERIVATIVES  OF  NAPHTHALENE. 

2673  Mercurynaphthyl,  Hg(C10H7)3,  is  obtained  by  heating 
a-bromonaphthalene  with  pasty  sodium  amalgam,  coal-tar 
naphtha  boiling  at  120 — 140°  and  a  little  ethyl  acetate.  It 
crystallizes  in  small,  lustrous  rhombic  prisms,  which  melt  at 
243°  and  are  odourless.  It  is  only  slightly  soluble  in  boiling 
alcohol,  more  freely  in  boiling  benzene,  and  readily  in  hot 
chloroform  and  carbon  disulphide.  On  heating  with  concen- 
trated hydrochloric  acid,  naphthalene  and  mercuric  chloride  are 
formed ;  hydrobromic  and  hydriodic  acids  act  in  a  similar 
manner. 

1  Michaelis  and  Schulte,  Ber.  15,  1952. 
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Naphthylmercuric  bromide,  C10H7HgBr,  is  formed  by  the  action 
of  bromine  on  mercurynaphthyl,  or  by  heating  the  latter 
with  mercuric  bromide  to  120 — 130°.  It  crystallizes  in  pliable 
needles,  with  a  velvet  lustre,  and  melts  at  195 — 196°. 

Naphthylmercuric  iodide,  C10H7HgI,  is  obtained  when  the 
calculated  amount  of  iodine  is  added  to  a  solution  of  mercury- 
naphthyl in  carbon  disulphide.  It  crystallizes  in  velvety, 
pliable  needles,  which  melt  at  185°,  and  are  sparingly  soluble  in 
cold,  more  freely  in  hot  water.  By  the  further  action  of  iodine 
it  is  converted  into  a-iodonaphthalene,  and  on  treatment  with 
sodium  amalgam  yields  mercurynaphthyl. 

Naphthylmercuric  acetate,  C10H7HgO.CO.CH3,  is  formed  when 
mercurynaphthyl  is  heated  with  glacial  acetic  acid  : 

(C10H7)2Hg  +  HO.CO.CH3  =  C10H7Hg.O.CO.CH3  +  C10H8. 

It  crystallizes  from  hot  alcohol  in  small  needles  with  a  velvet 
lustre,  melts  at  154°,  and  decomposes  into  mercuric  iodide, 
naphthalene  and  acetic  acid  on  heating  with  hydrochloric  acid. 
The  formate  is  an  oily  liquid,  whilst  the  lutyrate  crystallizes  in 
elegant  silky  needles,  melting  at  2000.1 

1  Otto,  Annalen,  147.  164  ;  154,  188. 
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METHYLNAPHTHALENE  GROUP. 

Methylnaphthalene,  C10H7.CH3 

2674  The  two  isomeric  methylnaphthalenes  occur  in  coal-tar,1 
and  in  the  products  which  are  obtained  when  colophonium, 
benzoin,  or  aldehyde  resin  are  heated  with  zinc  dust.2  They  are 
also  formed,  together  with  other  hydrocarbons,  when  naphthalene 
is  heated  with  ethylene  bromide  and  aluminium  chloride.3 

a-Methylnaphthalena  was  first  prepared  by  Fittig  and  Remsen 
by  acting  with  sodium  on  a  mixture  of  a-bromonaphthalene 
and  methyl  iodide,  other  products  being  also  formed  and  much 
naphthalene  regenerated.4  A  much  better  yield  is  obtained  by 
distilling  naphthylacetic  acid,  C10H7.CH2.CO2H,  with  lime.5 
In  order  to  extract  this  hydrocarbon  from  purified  coal-tar  oil, 
the  portion  boiling  between  200°  and  300°  is  submitted  to 
fractional  distillation.  The  fraction  boiling  at  239 — 242°  is 
then  cooled  to  0°,  at  which  temperature  the  greater  portion 
of  the  /3-methylnaphthalene  crystallizes  out,  the  liquid  portion 
being  drained  off  on  the  filter  pump  and  cooled  to  —  15°.  A 
further  crystallization  is  thus  obtained,  and  by  a  repetition 
of  this  process  all  the  /3-methylnaphthalene  can  be  removed. 
As  soon  as  this  has  been  done  the  liquid  is  rectified  over 
sodium  (Schulze).  The  methylnaphthalenes  obtained  by  the 
aluminium  chloride  reaction  can  also  be  separated  in  this 
manner. 

a-Methylnaphthalene  is  a  liquid  which  has  an  aromatic  odour, 
does  not  solidify  at  —18°,  and  boils  at  240 — 242°.  It  combines 
with  picric  acid  to  form  the  compound  CUH10  +  C6H3(N02)30, 
which  crystallizes  from  alcohol  in  orange-yellow  slender  needles, 
united  in  fascicular  aggregates,  and  melts  at  116°. 

1  Reingruber,  Annalen,  206,  375 ;  Schulze,  Ber.  17,  842  and  1527. 

2  Ciamician,  Ber.  11,  269 ;  13,  1865. 

3  Roux,  Ann.  Chim.  Phys.  VI.  12,  289. 

i  Annalen,  155,  112.  6  Boessneck,  Ber.  16,  1546. 
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Brom-a-mdhylnaphthalene,  C10H6Br.CH3,  is  formed  when 
molecular  proportions  of  a-methylnaphthalene  and  bromine  are 
mixed  in  solution  in  carbon  disulphide  and  the  liquid  exposed 
to  sunlight.  It  is  a  liquid  which  has  a  faint  smell  resembling 
that  of  bromotoluene,  and  boils  with  slight  decomposition  at 
298°.  With  picric  acid  it  forms  the  compound  C11H7Br  +  C6H3 
(N02)30,  which  crystallizes  from  alcohol  in  deep  yellow  needles, 
melting  at  105°  (Schulze). 

fi-Methylnaphthalcne  is  also  formed  when  the  /3-methyl- 
naphthols  are  distilled  over  heated  zinc  dust,  and  crystallizes  from 
alcohol  in  large  plates  with  a  fatty  lustre,  or  in  pearly  needles. 
It  has  an  aromatic,  somewhat  irritating  odour,  and  a  burning 
taste,  melts  at  37— 380,1  and  boils  at  241—242°.  With  picric 
acid  it  forms  the  compound  CUH10  +  C6H3(N02)30,  which  crystal- 
lizes in  well-developed  deep-yellow  needles,  melting  at  115°.2 

Bromo-fi-mcihylnaphihalene,  C10H6Br.CH3,  is  obtained  in  a 
similar  manner  to  the  a-compound  which  it  closely  resembles. 
It  boils  at  296°,  and  forms  a  picric  acid  compound  which  crystal- 
lizes in  deep  canary-yellow  coloured  needles,  melting  at  113° 
(Schulze). 

Nitro-j3-rnethylnaphihalene,  C10H6(NO2)CH3,  is  formed  when 
/3-methylnaphthalene  is  agitated  with  nitric  acid  of  sp.  gr.  l-36. 
As  soon  as  the  mixture  has  cooled,  a  volume  of  sulphuric  acid 
equal  to  that  of  the  nitric  acid  is  added  to  the  well-stirred 
liquid,  which  is  then  heated  nearly  to  boiling.  The  product 
which  crystallizes  out  on  cooling  is  separated  by  recrystallization 
from  alcohol  from  the  difficultly  soluble  dinitro-compounds,  which 
are  also  formed.  Nitro-/3-methylnaphthalene  crystallizes  in 
thin,  light-yellow  needles,  melts  at  81°,  and  can  only  be  distilled 
without  decomposition  under  a  pressure  of  40  mm.  (Schulze). 

Dinitro- /3-methylnaphthalene,  C10H6(]N"O2)2CH3,  forms  slender 
needles,  which  are  strongly  refractive,  and  melt  at  206°. 

1-Hydroxy-^-methylnaphthalene,  or  2  :  1-Methylnaphthol, 
C10rI6(OH)CH3,  is  obtained  by  the  distillation  of  phenylhomo- 
paraconic  acid  : 

OH 

CO— CH— CH3  /C=C.CH3 

C6H6X  >0  |  =  C6H4<  |  +  C02  +  H20. 

\CH— CH— C02H  \CH— CH 

1  Liebermann,  Bcr.  20,  3182  ;  Annalen,  255,  261  and  273. 

2  Schulze,  loc.  cit. 
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It  crystallizes  in  yellow  needles,  which  melt  at  89°,  and  forms 
a  colourless  solution  in  hot  water  from  which  it  always  separates 
even  in  the  dark,  as  a  coloured  substance. 

i-ffydroxy-^-methylnaphthalene,  or  2  :  4<-Mcthylnaphthol,  is 
obtained  from  phenylisohomoparaconic  acid  : 

/CH-C^oV      =  °6H4\         ~  f      3  +  H20  +  C02. 
C.H/    >0  |      UUa±1  \C=CH 

CO—  CH,  | 

OH 

It  forms  colourless  needles  and  melts  at  92°.  Both  these 
compounds  give  a  characteristic  green  precipitate  with  bleaching 
powder,  which  becomes  yellow  after  some  time  (Liebermann). 


NAPHTHOMETHYL  COMPOUNDS. 

2675  These  substances  stand  in  the  same  relation  to  naphtha- 
lene as  the  benzyl-compounds  to  benzene,  and  have,  therefore, 
also  been  called  the  naphthobenzyl-compounds. 

a-NapMhomethyl  alcohol,  C10H7.CH2.OH,  is  obtained  by  heating 
a  solution  of  a-naphthomethylamine  hydrochloride  with  sodium 
nitrite.  It  is  readily  soluble  in  alcohol,  less  freely  in  hot,  and 
sparingly  in  cold  water,  from  which  it  crystallizes  on  evaporation 
in  long,  lustrous  needles.  It  melts  at  59-5 — 60°,  and  boils  at 
301°  under  a  pressure  of  715  mm. 

a-Naphthomethylamine,  C10H7.CH2.NH2,  was  prepared  by 
Hofmann,  who  termed  it  menaphthylamine,  by  the  action  of  zinc 
and  hydrochloric  acid  on  an  alcoholic  solution  of  a-naphthothi- 
amide,1  C10H7.CS.NH2,  a-a-dinaphthylethane,  C10H7C2H4.C10H7, 
being  simultaneously  formed.2 

a-Naphthomethylamine  is  a  very  caustic  liquid,  which  boils 
at  290 — 293°  and  absorbs  carbon  dioxide  so  eagerly  that  it 
cannot  be  poured  from  one  vessel  into  another  without  a  film  of 
the  difficultly-soluble  carbonate  being  formed  upon  the  surface. 
When  it  is  heated  with  chloroform  and  alcoholic  caustic  soda 
solution,  naphthomethylcarbamine,  C10H7.CH2.NC,  a  substance 
distinguished  by  its  abominable  odour,  is  formed. 

1  Ber.  1   100.  "  Bamberger  and  Lodter,  Ber.  21,  51  and  256. 
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a-Naphthomethylamine  hydrochloride,  C10H7.CH2.NH3C1,  crys- 
tallizes readily  in  long,  sparingly-soluble  needles,  and  forms  a 
platinochloride,  which  is  a  yellow  crystalline  precipitate. 

a-Naphthomethylamine  nitrite,  C10H7.CH2.NH3.NO2,  is  formed 
in  a  remarkable  manner  when  aqueous  solutions  of  the  hydro- 
chloride and  of  sodium  nitrite  are  mixed.  It  soon  separates 
out  as  a  mass  of  lustrous  needles,  and  is  sparingly  soluble  in 
cold  water,  from  which  it  crystallizes  on  evaporation  in  long, 
slender  prisms.  When  it  is  heated  in  a  capillary  tube  it 
remains  unaltered  until  the  temperature  reaches  148'5°,  and  then 
suddenly  melts  and  froths  up,  the  same  decomposition  taking 
place  as  is  caused  by  water  at  50 — 60°  (Bamberger  and  Lodter)  : 

C10H7.CH2.NH3.O.NO  =  C10H7.CH2.OH  +  H20  +  N2. 

It  therefore  resembles  ac-tetrahydro-/3-naphthylamine  in  its 
properties  (p.  172). 

a-Naphthomethylamine  nitrate,  C10H7.CH.2NH3.NO3,  is  also 
sparingly  soluble,  and  crystallizes  in  elegant  prisms  resembling 
those  of  saltpetre  (Hofmann). 

Tetrahydro-a-naphthomethylamine,  CjoHjj.CH2.NH2,  is  formed, 
together  with  dihydronaphthalene  (p.  34)  by  the  action  of 
sodium  on  a  boiling  alcoholic  solution  of  a-naphthonitrile, 
C10H7.CN.  It  is  a  viscid,  oily,  strongly  refractive  liquid,  which 
has  a  somewhat  sweet  ammoniacal  odour,  distinctly  resembling 
that  of  piperidine,  boils  at  269 — 270°,  and  absorbs  carbon 
dioxide  very  energetically. 

Tetrahydro-a-naphthomethylamine  hydrochloride,  C10Hn.CH2. 
NH3C1,  crystallizes  from  hot  water  in  fascicular  groups  of 
lustrous  needles,  and  is  precipitated  by  hydrochloric  acid  from 
aqueous  solution  in  silver-white  plates.  The  platinochloride, 
(CjjHjgN^PtClg,  is  a  chamois-yellow,  crystalline  precipitate, 
which  crystallizes  from  hot  water  in  rosettes  of  lustrous  needles. 
When  ammonium  picrate  is  added  to  a  solution  of  the  hydro- 
chloride, a  yellow  turbidity  is  produced,  and  on  agitation  a 
precipitate  of  yellow  lustrous  needles,  readily  soluble  in  hot 
water,  is  formed.1 

If  potassium  permanganate  be  added  to  a  solution  of  the 
hydrochloride  made  alkaline  with  caustic  potash  and  cooled  by 
ice,  phthalic  and  oxalic  acids  are  formed.  This  fact  shows  that 
the  base  has  the  following  constitution  :  2 

1  Bamberger  and  Lodter,  Bar.  20,  1703. 

2  Bamberger  and  Helwig,  Bcr.  22,  1912. 


0-NAPHTHOMETHYLAMINE  287 


C6H4< 


CH2.NH2 

I 
,CH — CH, 


^CH2-CH2 


Acetotetrahydro-a-na]?hthomethylamine,Cw~H.11.C~H.2.'NK.CO.C'R , 
is  obtained  by  heating  the  base  with  acetic  anhydride  and 
sodium  acetate.  It  crystallizes  in  pearly  scales,  melting  at 
88-5°. 

Phenyl-a-tetrahydronapMhomethyl  carbamide,  C6H6.NH.CO. 
NH.CH2.C10HU,  is  formed  by  the  action  of  phenyl  isocyanate 
on  the  base.  It  crystallizes  from  warm  alcohol  in  white,  lustrous 
plates,  melting  at  126-5°. 

2676  fi-NapMhomethyl  alcohol,  C10H7.CH2.OH,  is  prepared  by 
heating  an  aqueous  solution  of  /3-naphthomethylamine  hydro- 
chloride with  sodium  nitrite.  It  crystallizes  in  lustrous  plates, 
melts  at  80 — 80'5°  and  is  sparingly  soluble  in  cold,  more  freely 
in  hot  water  and  readily  soluble  in  alcohol.1 

fi-Naphtliomethyl  chloride,  C10H7.CH2C1,  is  formed  when  chlorine 
is  passed  into  boiling  /3-methylnaphthalene ;  it  crystallizes  in 
micaceous  plates,  melting  at  47°.  On  distillation  under  the 
ordinary  pressure  a  slight  evolution  of  hydrochloric  acid  takes 
place ;  under  a  pressure  of  20  mm.,  it  boils  at  168°. 

fi-Naphthomethyl  bromide,  C10H7.CH2Br,  is  obtained  in  a 
similar  manner,  and  crystallizes  from  alcohol  in  plates  with  a 
fatty  lustre,  which  melt  at  56°.  It  boils  at  213°  (100  mm.) 
forming  a  vapour  which,  like  that  of  the  chloride,  has  an  odour 
resembling  that  of  the  vapour  of  the  corresponding  benzyl 
compound  and  attacks  the  mucous  membrane,  especially  of  the 
eyes,  in  a  similar  manner.2 

/3-Naphthomethylamine,  C10H7.CH2.NH2,  is  formed,  together 
with  /3-/3-dinaphthylethane,  C2H4(C10H7),  (Bamberger  and 
Lodter),  when  zinc  dust  and  alcoholic  hydrochloric  acid  are 
gradually  added  to  a  solution  of  /3-naphthothiamide  in  alcohol. 
It  is  slightly  soluble  in  cold,  more  readily  in  hot  water  and 
readily  in  alcohol,  from  which  it  crystallizes  on  evaporation  in 
thick,  lustrous,  colourless  prisms,  melting  at  59 — 60°.  It 
absorbs  carbon  dioxide  so  vigorously  that  it  rapidly  becomes 
covered  with  a  white  efflorescence  in  the  air.  It  precipitates  the 
hydroxides  from  solutions  of  salts  of  copper,  zinc,  and  lead. 

1  Bamberger  and  Boekmann,  Ber.  20,  1H5.  2  Schulze,  Ber.  17,  1527. 
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ft-Naphthomcthylamine  hydrochloride,  C10H7.CH2.NH3C1,  crys- 
tallizes in  broad,  satin-lustrous  prisms,  which  are  readily  soluble 
in  water  and  alcohol,  only  slightly  in  concentrated  hydro- 
chloric acid.  The  platinochloride  is  an  egg-yellow,  flaky  crystal- 
line precipitate,  and  separates  from  hot  water  in  dendritic  aggre- 
gates of  slender  needles.  When  ammonium  picrate  is  added 
to  a  solution  of  the  hydrochloride,  naphthomethylamine  picrate 
separates  out  in  crystalline  flakes.  It  crystallizes  from  hot 
water  in  long,  golden-yellow,  lustrous  needles  (Bamberger  and 
Boekmann). 

Tctrahydro-j3-naphthoincthylaminc,  C10Hu.CH2.]SrH2,  is  formed 
when  sodium  is  added  to  a  hot  alcoholic  solution  of  /3-naphtho- 
nitrile.  It  is  a  colourless,  transparent  oily  liquid,  which  smells 
like  the  a-compound  and  boils  at  270°.  On  exposure  to  the 
air  it  rapidly  becomes  converted  into  the  lustrous  needles  of 
the  carbonate. 

Tctrahydro-fi-naphthomethylaminc  hydrochloride,  C10Hn.CH2. 
NHgCI,  crystallizes  in  fascicular  groups  of  .lustrous  needles, 
which  are  readily  soluble  in  water.  The  platinochloride  is  an 
egg-yellow  precipitate,  which  crystallizes  from  hot  water  in 
lustrous  needles. 

Tetrahydro-(3-naphthomcthylamine  sulphate,  (C10HU.CH2.NH3)2 
S04,  forms  long,  thin  prisms  with  a  vitreous  lustre,  which  are 
readily  soluble  in  water.  The  picrate  is  precipitated  as  an  oil, 
which  is  converted  by  agitation  into  yellow,  lustrous  needles.1 

The  base  is  oxidized  by  potassium  permanganate  to  o-carboxy- 
hydrocinnamic  acid  and  phthalic  acid  : 

/CH—  CH— CH2.NH2  /CO.OH 

C„H/  !  +70  =  C6H4{ 

\CH2-CH2  \CH,.CH2.CO.OH 

+  C02  +  H20  +  NH3. 

Acetotetrahydro-^-naphthomethylaminc,C10Su.GH2J>i'R.GO.GH3, 
is  obtained  by  heating  the  hydrochloride  with  acetic  anhydride 
and  sodium  acetate,  and  crystallizes  in  long,  lustrous  needles, 
melting  at  64 — 65°. 

Tetrahydro-/3-naphthomcthyl  carbamide,  C10rIn.CH2.NH.CO. 
NH2,  is  obtained  by  evaporating  the  solution  of  the  hydro- 
chloride with  potassium  cyanate.  It  crystallizes  from  hot  water 
in  tablets,  which  have  a  satin  lustre  and  melt  at  135 — 135-5°. 

1  Bamberger  and  Boekmann,  Ber.  20,  1711. 
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If  the  solution  contains  free  acid,  ditetrahydro-naphthomethyl 
carbamide,  CO(NH.CH2.C10Hn)2>  is  formed,  together  with  the 
preceding  compound.  It  is  more  readily  soluble  than  the  latter, 
and  forms  satin-lustrous  plates,  which  melt  at  225-5—226°. 

Ditetrahydronaphthomethyl  thiocarbamide,CS(NIL.CKt.G10R  )  . 
When  solutions  of  the  base  and  carbon  disulphide  in  absolute 
ether  are  mixed,  the  thiocarbamate,  C10Hn.CH2.]SrrI.CS.SNB[,. 
CH2.C10Hn,  separates  out,  which  crystallizes  from  alcohol  in 
vitreous  needles,  and  is  converted  by  boiling  with  alcohol  into 
the  thiocarbamide.  The  latter  forms  pearly  plates,  and  melts 
at  142-5— 143°. 

Phenyl-^-tctrahydronaphthomethyl  carbamide,  C6H6.NH.CO. 
NH.CH2C10Hn,  forms  slender  needles  with  a  vitreous  lustre, 
melting  at  141°. 

Phenyl-fi-tetrahydroiiapihthomethyl  thiocarbamide  has  been 
prepared  from  the  base,  and  phenyl  thiocarbimide ;  it  crystal- 
lizes from  alcohol  in  rosettes  with  a  vitreous  lustre,  and  melts 
at  139-5— 140V 


THE    NAPHTHOIC   ACIDS,  C10H7.CO2H. 

2677  These  substances  correspond  to  benzoic  acid  in  the 
benzene  series,  and  behave  in  a  similar  manner,  since  they  are 
decomposed  by  heating  with  lime  into  carbon  dioxide  and 
naphthalene,  and  can  be  again  obtained  from  the  latter  by  the 
same  reactions  by  which  benzoic  acid  is  obtained  from  benzene. 

a-Naphthaldchyde,  or  a-Naphthomethyl  aldehyde,  C10H7.CHO, 
is  readily  formed  when  potassium  dichromate  is  added  to 
a-naphthomethyl  alcohol  suspended  in  dilute  sulphuric  acid.  It 
is  a  viscid,  oily  liquid,  which  has  a  faint  aromatic  odour,  and 
boils  at  291-6°.  Like  benzaldehyde  it  restores  the  colour  to  a 
solution  of  magenta  in  sulphurous  acid,  reduces  an  ammoniacal 
silver  solution,  and  readily  oxidizes  in  the  air.  It  combines 
with  acid  sodium  sulphite  to  form  the  difficultly-soluble  com- 
pound, C10H7.CH(OH)SOsN"a,  which  crystallizes  in  lustrous 
plates.2 

Naphtliomethyleneoxivie,  C10H7.CH=lSrOII,  is  formed  when  the 
aldehyde  is  mixed  with  aqueous  hydroxylamine  hydrochloride, 

1  Bamberger  and  Helwig,  Ber.  22,  1912. 

2  Bamberger  and  Lodter,  Ber.  21,  256. 
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sodium  carbonate  and  sufficient  alcohol  to  produce  a  clear  solution. 
The  mixture  is  allowed  to  stand  for  a  lew  days,  and  the  oxime 
then  extracted  with  ether.  It  crystallizes  from  alcohol  in 
colourless  needles,  is  only  slightly  soluble  in  hot  water,  and 
separates  from  the  latter  in  splendid  long  needles,  which  melt 
at  98°. 

Naphthomcihylcne  aniline,  C10H7.CH=N.C6H6,  is  formed  when 
the  aldehyde  is  brought  together  with  aniline  in  alcoholic 
solution  and  the  mixture  heated.  It  crystallizes  from  alcohol 
in  light-yellow  needles,  melting  at  Tl0.1 

Melting-point. 

Naphthomethylene-o-toluidine, 

C10H7.CH:=N.C6H4.CH3,  plates  or  yellow  trans- 
parent crystals 59" 

Naphthomethylene-p-toluidine,  long  yellow  needles.      93° 

Naphthomethylene-a-naphthylamine, 

C10H7.CH=N.C10H7,  nodular  masses  of  prisms     .   117° 

Naphthomcthylencphenylhydrazone,  C10H7.CH— N.NH.C6H5, 
crystallizes  from  alcohol  in  light  yellow,  lustrous  lates,  which 
melt  at  185°,  and  become  coloured  red  in  the  light  (Bamberger 
and  Lodter). 

a- Naphthoic  acid  was  discovered  by  Hofmann,  and  termed 
menaphthoxylic  acid.  He  obtained  it  by  converting  a-formo- 
naphthalide  into  naphthonitrile  by  heating  with  hydrochloric 
acid,  and  then  decomposing  this  with  alcoholic  caustic  soda.2  It 
was  prepared  almost  simultaneously  by  Merz,  who  gave  to  it, 
as  the  benzoic  acid  of  the  naphthalene  group,  the  name  by 
which  it  is  still  known.  He  obtained  it  and  also  /3-naphthoic 
acid  by  heating  the  corresponding  potassium  naphthalene- 
sulphonate  with  potassium  cyanide  and  hydrolysing  the  nitrile 
thus  formed.3  a-Naphthoic  acid  is  also  formed  when  potassium 
a-naphthalenesulphonate  is  heated  with  sodium  formate.4  In 
order  to  prepare  it  a  well-dried  intimate  mixture  of  3  parts 
of  sodium  a-naphthalenesulphonate  with  anhydrous  ferro- 
cyanide  of  potassium  is  submitted  to  dry  distillation  in  a 
wrought-iron  tube  or  a  flat  iron  retort  provided  with  a  lid. 
The  crude  nitrile  is  purified  by  rectification,  and  is  then  de- 
composed by  heating  with  alcoholic  caustic  soda  to  130 — 140°, 

1  Brandis,  Ber.  22,  2148.  2  Ber.  1,  38. 

3  Zeitschr.  Chan.  1868,  34  ;  Merz  and  Miihlhauser,  Ber.  3,  709. 
1  V.  Meyer,  Annalen,  156,  274. 
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or  -with  concentrated  hydrochloric  acid  to  150 — 1600.1  It  is, 
moreover,  unnecessary  to  separate  the  two  naphthalene- 
sulphonic  acids  before  employing  them,  as  the  mixture  of 
naphthoic  acids  obtained  can  easily  be  separated  by  boil- 
ing with  lime  water,  which  dissolves  the  a-acid,  whilst  the 
calcium  salt  of  the  /3-acid  remains  for  the  most  part  undissolved 
(Ekstrand). 

a-Naphthoic  acid  is  very  slightly  soluble  in  cold  and  only 
slightly  soluble  in  boiling  water,  but  dissolves  readily  in  hot 
alcohol,  from  which  it  crystallizes  in  needles,  melting  at 
160°. 

The  naphthoates  of  the  alkali  metals  are  readily  soluble  in 
water. 

Calcium,  a-naphthoate,  (C10H7.CO2)2Ca  +  2H20,  crystallizes 
in  white  needles,  which  are  sparingly  soluble  in  water. 

Barium  a-naphthoate,  (C10H7.CO2)2Ba  +  4H20,  also  forms 
sparingly  soluble  needles. 

Silver  a-naphthoate,  C10H7.CO2Ag,  is  a  white,  scarcely  crys- 
talline precipitate. 

Mhyl  a-naphthoate,  C10H7.CO2C2H6,  was  obtained  by  Hofmann 
by  the  action  of  absolute  alcohol  on  naphthoyl  chloride ;  it  is 
also  formed  by  the  action  of  sodium  amalgam  on  a  mixture  of 
ethyl  chloroformate  and  a-bromonaphthalene.2  It  is  a  liquid 
which  has  an  aromatic  odour  and  boils  at  309°. 

a-Naphthoyl  oxide,  or  a-Naphthoie  anhydride,  (C10H7.CO)2O 
was  prepared  by  Hofmann  by  heating  the  anhydrous  calcium 
salt  with  naphthoyl  chloride.  It  is  sparingly  soluble  in  alcohol, 
more  readily  in  ether  and  benzene,  from  which  it  crystallizes  in 
prisms,  melting  at  145°. 

a-Naphthoyl  chloride,  C10H7.COCl,  is  formed  when  the  acid 
is  heated  with  phosphorus  pentachloride.  It  is  a  heavy 
liquid,  which  boils  at  296 — 298°,  and  solidifies  at  a  low 
temperature. 

a-Naphthamide,  C10H7.CO.NH2,  is  obtained  by  the  action  of 
ammonia  on  the  chloride  as  well  as,  together  with  a-naphthoic  acid, 
when  the  nitrile  is  heated  with  dilute  sulphuric  acid  (Bamberger 
and  Philip),  or  boiled  for  a  considerable  time  with  alcoholic 
potash.3     It  is  also  formed  when  aluminium  chloride  is  added 

1  "Witt,  Ber.  6,  448  ;  Hausamann,  Ber.   9,  1513  ;  Boessneck,  Ber.  16,  639  ; 
Bamberger  and  Philip,  Bcr.  20,  241  ;  Ekstrand,  J.  Fr.  Chem.  II.  38,  139. 

2  Ekstrand,  J.  Br.  Chem.  II.  38,  146. 

3  Ekstrand,  /.  Br.  Chem.  II.  38,  146. 
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to   a  mixture   of  naphthalene,  carbon  disulphide    and  chloro- 
formamide,  CO(NH2)Cl,  and  the  whole  heated  : 1 

CI 
C10H„  +  Co/  =  C10H7.CO.NHo  +  HC1. 

\NH2 

The  chloroformamide  employed  in  this  reaction  is  obtained  by- 
heating  carbonyl  chloride  with  ammonium  chloride. 

The  amide  crystallizes  from  alcohol  in  needles  with  a  satin 
lustre,  plates,  or  tablets,  which  melt  at  202°. 

a-Naphthanilide,  C10H7.CO.NH(C6H6),  was  prepared  by  Hof- 
mann  by  acting  on  an  alcoholic  solution  of  aniline  with  the 
chloride.     It  forms  a  silky  crystalline  mass,  and  melts  at  160°. 

a-Naphtho-a-naphthalide,  C10H7.CO.NH(C10H7),  is  a  crystal- 
line powder,  melts  at  244°,  and  is  sparingly  soluble  in  alcohol. 

2678  a-Naphthonitrilc,  C10H7.CN,  is  obtained,  in  addition  to 
the  methods  already  described,  when  the  vapour  of  a-bromo- 
naphthalene  is  passed  over  heated  ferrocyanide  of  potassium, 
and  also  when  a  mixture  of  cyanogen  and  naphthalene  vapour 
is  slowly  passed  through  a  tube  heated  to  faint  redness.2  It  is 
further  formed  when  a-dinaphthyl  thiocarbamide  is  heated  with, 
copper  powder  : 3 

CS(NH.C10H7)2  +  2Cu  =  CN.C10H7  +  C10H7.NH2  +  Cu2S. 

Heim  obtained  it  by  heating  a  mixture  of  a-naphthyl  phosphate 
and  potassium  cyanide  to  200 — 300°  in  a  current  of  hydrogen,4 
whilst  Gasiorowski  and  Merz  found  that  it  is  formed  when 
a-formonaphthalide  is  boiled  with  zinc  dust  in  a  current  of 
hydrogen.5  Finally,  it  can  be  prepared  by  diazotizing  a-naphthyl- 
amine  and  pouring  the  liquid  into  a  hot  solution  of  potassium 
copper  cyanide.  In  order  to  remove  any  unaltered  naphthylamine 
and  any  naphthol  formed  by  the  reaction  the  product  is  treated 
successively  with  caustic  soda  solution  and  hydrochloric  acid, 
and  is  then  distilled  with  steam,  a  yield  of  about  30 — 35  per  cent, 
of  the  calculated  amount  being  obtained.6 

a-Naphthonitrile  is  insoluble  in  water,  readily  soluble  in 
alcohol,  and  crystallizes  from  light  petroleum  in  broad  needles, 

1  Gattermann  and  Schmidt,  Bar.  20,  858. 

2  Merz  and  "Weith,  Bar.  10,  746. 

3  Weith,  Bar.  6,  967.         4  Bar.  16,  1779. 

5  Bar.  18,  1006.  «  E.  Eichter,  Bar.  22,  2449. 
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with  a  satin  lustre,  which  melt  at  37"5°.  It  has  a  great  tendency 
to  remain  liquid  below  its  freezing-point,  and  boils  without 
decomposition  at  297 — 298°. 

When  sodium  is  added  to  its  hot  alcoholic  solution,  a-tetra- 
hydronaphthomethylamine  is  formed,  accompanied  by  dihydro- 
naphthalene  and  hydrocyanic  acid  : 

C10H7.CN  +  4H  =  C10H10  +  HON. 

A  small  quantity  is  always  converted  into  a-napthoic  acid  by 
sodium  ethylate.1 

a-Naphihothiamide,  C10H7.CS.NH2,  was  obtained  by  Hofmann 
by  the  action  of  sulphuretted  hydrogen  on  the  base ;  it  forms 
crystals,  melting  at  126°. 

a-Naphthohydroxamic  acid,  C10H7C(OH)N.OH,  is  formed 
when  hydroxylamine  hydrochloride  is  dissolved  in  8 — 10  parts 
of  water  and  the  equivalent  amount  of  carbonate  of  sodium, 
and  a-naphthoyl  chloride  then  added.  The  precipitated  crystal- 
line powder  is  washed  with  ether  to  remove  the  naphthoic 
acid  which  is  formed,  and  the  residue  recrystallized  from 
alcohol.  It  forms  lustrous  plates,  which  melt  at  186 — 187° 
with  evolution  of  gas,  and  are  only  sparingly  soluble  in  hot 
water.  The  aqueous  solution  is  coloured  deep  wine-red  by 
ferric  chloride.  On  heating  with  alkalis,  naphthohydroxamic 
acid  is  decomposed  with  formation  of  a-naphthylamine  and 
carbon  dioxide. 

a-Dinaphthohydroxamic  acid,  C10H7.C(OH)NO.CO.C10H7,  is 
obtained,  together  with  a-dinaphthyl  carbamide,  by  the  action 
of  a-naphthoyl  chloride  on  the  preceding  compound,  and  also 
in  the  same  manner  by  adding  two  molecules  of  the  chloride  to 
one  molecule  of  hydroxylamine.  It  crystallizes  from  alcohol  in 
long  white  needles,  which  melt  at  150°,  are  slightly  soluble  in 
hot  water,  and  give  no  colouration  with  ferric  chloride.2 

a-Naphthamidoxime,  C10H7.C.(NOH)NH2,  is  prepared  by 
heating  an  alcoholic  solution  of  a-naphthonitrile  and  hydroxyl- 
amine. It  crystallizes  from  dilute  alcohol  in  large  plates, 
meltino'  at  148 — 149°.  When  its  solution  in  hydrochloric  acid 
acid  is  allowed  to  evaporate,  the  hydrochloride,  C10H7C(NOH) 
NH3C1,  remains  as  a  syrupy  mass,  which  solidifies  on  long- 
continued  standing  to  stellate  groups  of  needles.     The  platino- 

1  Bamberger  and  Lodter,  Her.  20,  1703. 

2  Ekstrand,  Her.  20,  1353. 
319 
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chloride,  [C10H7.C(NOH)NH3]2PtCl6,  is  also  readily  soluble,  and 
crystallizes  on  the  gradual  evaporation  of  its  solution  in  long 
yellow  needles.1 

Acctyl-a-naphthamidoxime,  C10H7C(NO.CO.CH3)NH2,  is  ob- 
tained by  the  action  of  acetic  anhydride  on  the  amidoxime,  and 
crystallizes  from,  alcohol  in  white,  lustrous  needles,  which  melt 
at  129°,  and  are  insoluble  in  alkalis.2  When  it  is  boiled  with 
water,  ethenyl-a-naphthamidoxime  is  formed,  which  may  also 
be  obtained  by  heating  the  amidoxime  with  acetic  anhydride 
(Ekstrand) : 

^N.O.CO.CH,  .NOx 

C10H7.C^  =  C10H7.C^       \C.CH3  +  H20. 

\NH2  \  N  ^ 

This  substance  crystallizes  from  alcohol  in  long  needles 
melting  at  36°. 

a-Naphtlwyl-a-naphthamidoxime,  C10H7.C(NO.CO.C10H7)NH2, 
is  obtained  by  heating  the  amidoxime  with  a-naphthoyl  chloride, 
and  crystallizes  in  slender  needles,  melting  at  228°  (Ekstrand). 

Carbonyl-a-nqphthimidoxime,  CnH8N202,  is  formed  when  the 
amidoxime  is  heated  with  ethyl  chloroformate  : 

N.OH 
C10H7.Cf  +  CICO.OCJEL  = 

\NH2 

CiaH7.Cr         >CO  +  HCl  +  HO.C2H5. 

It  crystallizes  from  alcohol  in  white  needles,  melting  at  189°, 
and  is  insoluble  in  acids,  but  dissolves  in  alkalis  (Bichter). 

a-Tetrahydronaphthoic  acid,  C10Hu.CO2H,  is  obtained,  together 
with  the  amide,  by  heating  the  corresponding  nitrile  to  160 — 170° 
with  alcoholic  potash.  It  crystallizes  in  dendritic  groups  of 
slender  prisms  with  a  vitreous  lustre,  melts  at  128°,  and  is 
sparingly  soluble  in  cold,  more  freely  in  hot  water,  and  very 
readily  in  alcohol. 

a-Tctraliydronaphthamidc,  C10H11.CO.NH2,  crystallizes  from 
hot  water  in  tablets,  which  have  a  satin  lustre,  and  melt  at  182°. 

a-Tetrahydronaphthonitrile,  C10Hn.CN,  is  formed  when  a 
solution   of   a-tetrahydrodiazonaphthalene    chloride    is  allowed 

1  Ekstrand,  Ber.  20,  223.  *  E.  Richter,  Bcr.  22,  2449. 
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to  drop  into  a  boiling  solution  of  copper  sulphate  and  potassium 
cyanide.  It  is  a  viscid,  colourless,  transparent  liquid,  which  has 
a  faint  odour  resembling  that  of  the  nitriles,  and  boils  at 
277 — 279°.  When  its  solution  in  alcoholic  ammonia  is  satu- 
rated with  sulphuretted  hydrogen,  a-tetrahydrothionaphthamide, 
C^Hjj.CS.NHg,  is  formed.  This  substance  is  a  dark  yellow, 
oily  liquid,  and  is  decomposed  by  a  gentle  heat  into  the  nitrile 
and  sulphuretted  hydrogen.1 

2679  f3-Naphthaldehyde,  C10H7.CHO,  was  first  obtained  by 
Battershall  by  distilling  a  mixture  of  calcium  /3-naphthoate  and 
calcium  formate.2 

Schulze  prepared  it  by  heating  naphthomethyl  chloride  or 
bromide  with  water  and  lead  nitrate;3  and  Bamberger  and 
Boekmann  by  the  oxidation  of  naphthomethyl  alcohol  with 
chromic  acid  solution.* 

It  crystallizes  in  silvery  plates,  melts  at  60'5 — 61°,  is  freely 
soluble  in  alcohol,  less  freely  in  hot  water,  and  readily  volatilizes 
with  steam.  Like  other  aldehydes  it  reduces  ammoniacal  silver 
solution  and  restores  the  colour  to  a  solution  of  magenta  in 
sulphurous  acid. 

Alcoholic  ammonia  converts  it  into  hydronapihihamide  or 
naphthomeihinetriamine,  (C10H7.CH)3N2,  which  forms  nodular 
masses  insoluble  in  water,  alcohol,  and  ether,  and  decomposes 
again  into  ammonia  and  the  aldehyde  on  heating  with  dilute 
hydrochloric  acid. 

^-Naphthoic  acid  is  also  prepared  from  its  nitrile,  which  is 
obtained  by  the  distillation  of  potassium  ferrocyanide  with 
sodium  /3-naphthalenesulphonate.5  The  latter  salt,  which  is 
now  manufactured,  always  contains  a  little  sodium  naphthalene- 
disulphonate,  which  brings  about  the  formation  of  the  dinitrile, 
C10H6(CN)2. 

The  /3-naphthonitrile  is  freed  from  this  by  distillation,6  and 
is  then  decomposed  by  boiling  with  alcoholic  potash  or  soda,  or 
by  heating  with  acid  under  pressure.  Schulze  also  obtained 
it  by  the  oxidation  of  naphthomethyl  chloride  with  potassium 
permanganate. 7 

It  is  scarcely  soluble  in  cold,  and  sparingly  in  hot  water,  but 

1  Bamberger  and  Bordt,  Ber.  22,  625.  2  Annalen,  168,  HC. 

3  Ber.  17,  1527.  *  Ber.  20,  1115. 

*  Merz  and  Miihlhauser,    Zeitsch.   1869,  70  ;  Hausamann,   Ber.   9,   1513 ; 
Vieth,  Annalen,  180,  305. 
8  Ekstrand  J.  Br.  Chan.  II.  38,  139.  7  Ber.  17,  1530. 
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readily  in  alcohol,  crystallizes  from  light  petroleum  in  long 
needles,  melting  at  182°  and  boils  above  300°. 

The  /3-naphthoates  of  the  alkali  metals  are  readily  soluble  in 
water. 

Calcium  /3-naphthoate,  (C10H7.CO2)2Ca  +  3H20,  crystallizes 
from  boiling  water  in  long  needles,  and  dissolves  in  1800  parts 
of  water  at  15°. 

Barium  /3-naphthoate,  (C10H7.CO2)2Ba  +  4H20,  also  forms 
needles,  and  dissolves  in  1400  parts  of  water  at  15°. 

Silver  B-naphthoate,  C10H7CO2Ag,  is  a  white  flocculent  pre- 
cipitate, which  is  somewhat  soluble  in  hot  water. 

Methyl  B-naphthoate,  C10H7.CO2CH3,  was  prepared  by  Vieth 
by  heating  the  chloride  with  methyl  alcohol.  It  crystallizes  in 
white  lustrous  plates,  melts  at  77°,  boils  at  290°,  and  has  a 
pleasant  smell  resembling  that  of  strawberries. 

Ethyl  B-naphthoate,  C10H7.CO2C2H5,  is  an  oily,  faintly  odorous 
liquid,  which  boils  at  308 — 309°,  and  solidifies  in  the  cold  to 
crystalline  scales,  which  melt  with  the  heat  of  the  hand. 

B-Naphtlwic  anhydride,  (C10H7.CO)2O,  was  obtained  by 
Hausamann  by  heating  the  chloride  with  calcium  /3-naphthoate ; 
it  crystallizes  from  ether  in  tabular  aggregates  of  silky  needles, 
melting  at  134°. 

a-/3-Naphthoic  anhydride  is  prepared  in  the  same  manner 
from  a-naphthoyl  chloride  and  potassium  /3-naphthoate,  and 
crystallizes  in  slender  needles,  melting  at  126°. x 

B-Naphthoyl  chloride  is  formed  when  the  acid  is  heated  with 
phosphorus  pentachloride,  and  is  a  crystalline  mass,  melts  at 
43°,  and  boils  at  304—306°. 

B-Naphthamide,  C10H7.CO.NH2,  was  prepared  by  Vieth  by 
the  action  of  ammonium  carbonate  on  the  chloride.  It  crystal- 
lizes from  alcohol  in  tablets,  melts  at  92°,  and  is  volatile  without 
decomposition. 

B-Naphthanilide,  C10H7.CO.NH(C6H6),  is  obtained  by  the 
action  of  the  chloride  on  aniline  and  also  when  the  acid  i3 
heated  to  120°  with  aniline.  It  crystallizes  from  alcohol  in 
lustrous  plates,  melting  at  170°,  and  sublimes  at  a  higher 
temperature  in  large,  lustrous  plates. 

B-Naphthoyl-a-naphthalide,  C10H7.CO.NH(CldrI7),  crystallizes 
in  very  small  needles  and  melts  at  157°. 

2680  P-Naphthonitrile,  C10H7.ClSr,  is  formed,  in  addition  to 
the  method  already  mentioned,  when  /3-naphthyl  phosphate  is 

1  Bar.  9,  1513. 
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heated  with  potassium  cyanide,1  and  when  /3-formonaphthalide 
is  heated  with  zinc  dust  in  a  current  of  hydrogen.2  It  may  be 
prepared  by  means  of  the  diazo-compound  from  /S-naphthyl- 
amine  in  the  same  way  as  the  a-compound  from  a-naphthylamine 
(Richter).  It  is  less  soluble  than  the  a-compound  in  alcohol, 
but  is  fairly  easily  soluble  in  hot  light  petroleum,  from  which  it 
crystallizes  in  small  plates ;  it  melts  at  66'5°,  and  boils  at 
304 — 305°.  When  its  solution  in  fuming  sulphuric  acid  is  poured 
into  water  /S-naphthamide  is  formed.3  Sodium  added  to  its  hot 
alcoholic  solution  reduces  it  with  formation  of  tetrahydro- 
naphthomethylamine,  dihydronaphthalene,  and  hydrocyanic 
acid. 

fi-Naphthothiamidc,  C10H7.CS.!NH2,  is  formed  when  the  nitrile 
is  heated  with  ammonium  sulphide.  It  crystallizes  in  long 
golden-yellow  silky  needles,  melts  at  149°,  and  on  boiling  with 
water  is  decomposed,  like  all  the  aromatic  thiamides,  into  the 
nitrile  and  sulphuretted  hydrogen.4 

fi-Naphthimide  ethyl  ether  is  obtained  by  passing  hydrogen 
chloride  into  an  alcoholic  solution  of  ,8-naphthonitrile  : 

^NH2C1 
C10H7.CN  +  C2H5.OH  +  HC1  =  C10H7.Cf 

xOC2H5 

The  hydrochloride  thus  obtained  crystallizes  in  needles ;  ammonia 
liberates  the  ether  as  a  thick  oil,  which  only  commences  to 
crystallize  after  being  preserved  for  months.  If,  however,  the 
salt  be  heated  with  alcoholic  ammonia,  j3-naphthenylamidine 
hydrochloride  is  formed  : 

.NH2C1  .NH2C1 

CvflrC?  +  NH3  =  C10H7.C^  +  C2H6.OH. 

XOC2H5  XNH2 

The  latter  crystallizes  in  stellate  groups  of  pearly  needles, 
while  the  free  base,  C10H7.C(NH)NH2,  liberated  by  caustic 
soda  solution,  separates  as  an  oil,  which  solidifies  in  a  vacuum 
to  a  white,  nodular  mass. 

p-Naphthohydroxamic  acid,  C10H7.C(OH)N.OH,  is  obtained  in 

1  Heim,  Bcr.  16,  1771-  2  Gasiorowski  and  Merz,  Bcr.  18,  1008. 

3  Armstrong  and  Houlding,  Proa.  C'hcm.  Soc.  1889,  122. 
*  Pinner  and  Klein,  Bcr.    11,    1475  ;  Bamberger  and  Boekmann,  Bcr.  20, 
1115. 
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a  similar  manner  to  the  a-compound,  and  crystallizes  from 
alcohol  in  hard,  nodular  aggregates  of  four-sided  plates.  It 
melts  at  168°,  and  is  only  slightly  soluble  in  boiling  water, 
giving  a  solution  in  which  ferric  chloride  produces  a  wine-red 
colouration. 

/3-Dinaphthohydroxamic  acid,  C10H7.C(OH)NO.CO.C10H7,  crys- 
tallizes from  alcohol  in  needles,  which  melt  at  171°.  Its 
potassium  salt,  which  forms  lustrous  scales,  decomposes  on 
boiling  with  water  with  formation  of  /3-dinaphthyl  carbamide  : 

^N.O.CO.C10H7 
2C10H7.Cf  +  H,0  = 

CO(C10H7.NH)2  +  2C10H7CO2K  +  C02. 

a-jS-Dhiaphthohydroxamic  acid  is  formed  when  /3-naphthohy- 
droxamic  acid  is  heated  with  a-naphthoyl  chloride,  and  crystal- 
lizes from  alcohol  in  needles,  melting  at  1600.1 

fi-Naphthamidoxime,  C10H7.C(NOH)NH2,  is  prepared  from. 
/8-naphthonitrile  in  a  similar  manner  to  the  a-compound,  and 
crystallizes  from  alcohol  in  lustrous  scales,  melting  at  150°- 
Its  hydrochloride  forms  long  needles.2 

Ethyl  /3-naphthamidoxime,  C10H7C(NOC2H6)NH2,  is  formed 
when  the  amidoxime  is  heated  with  sodium  ethylate  and  ethyl 
iodide  ;  it  crystallizes  in  white  needles,  melting  at  74 — 75°. 

Ethidene  /3-naphthamidoxime,  C10H7C(N2HO)GH.CH3,  is  ob- 
tained by  the  action  of  aldehyde  on  the  amidoxime  : 

C10H7.Cf  +  CHO.CH3  =  C10H7.Cf         >CH.CH, 

+  H20. 

It  forms  white  needles,  and  melts  at  121 — 122°.8 
Acetyl-^-naphthamidoximc,  C10H7C(NO.GO.CHS)NH2,  is  formed 
by  the  action  of  acetic  anhydride,  and  crystallizes  from  absolute 
alcohol  in  aggregates  of  brown  needles,  which  melt  at  154°. 
When  this  substance  is  boiled  with  water,  or  when  the  amidoxime 
is  heated  with  acetic  anhydride,  ethenyl-/3-naphthamidoxime 
is  formed,  which  crystallizes  in  large  scales,  and  melts  at  87° 
(Ekstrand). 

1  Ekstrand,  Bcr.  20,  1353.  s  Ekstrand,  Bcr.  20,  223. 

s  E.  Riehter,  Bcr.  22,  2449. 
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Benzoyl-$-naphthamidoximct  C10HrC(NO.CO.C6H6)NH2,  is  ob- 
tained by  heating  the  amidoxime  with  benzoyl  chloride,  and 
crystallizes  from  alcohol  in  matted,  silky  needles,  which  melt  at 
179°.  On  boiling  with  water  it  is  converted  into  benzenyl-a- 
naphthamidoxime,  C10H7.CN2OC.C6H5,  which  forms  white  plates, 
melting  at  116°  (Richter). 

fi-Naphthazoxime  is  formed  when  the  amidoxime  is  heated 
with  /3-naphthoyl  chloride : 

HO.N. 
C10H7.COC1  +  >C.C10H7  = 

H2N/ 
ON 
C10H7.C/         >C.C10Hr  +  HC1  +  H20. 
^  N  / 

It  crystallizes  from  glacial  acetic  acid  in  plates  or  broad 
needles,  and  melts  at  175°  (Ekstrand). 

Carhonyl-j3-naphthimidoxime  crystallizes  from  benzene  in 
lustrous  matted  needles,  and  melts  at  216°. 


HALOGEN    SUBSTITUTION    PRODUCTS    OF 
a-NAPHTHOIC  ACID. 

2681  2-CMor-a-naphthoic  acid,  C10H6Cl.CO2H.  When  one 
molecule  of  2-hydroxy-a-naphthoic  acid  is  heated  to  180 — 190° 
with  three  molecules  of  phosphorus  pentachloride,  the  product 
consists  of  a  dark  brown  oily  liquid,  with  an  olive-green  fluores- 
cence, which  is  probably  chloronaphthotrichloride,  C10H6C1.CC13, 
and  which  changes  in  moist  air  into  crystals  of  chloronaphthoic 
acid.  The  latter  is  readily  soluble  in  alcohol,  with  difficulty  in 
water,  and  melts  at  152 — -153°.  It  is  converted  into  a-naphthoic 
acid  by  sodium  amalgam  and  water. 

Calcium  2-chlor-a-naphthoate,  (C10H6Cl.CO2)2Ca  +  2H20,  dis- 
solves in  150  parts  of  cold  water. 

Methyl  2-chlor-a-naphthoate,  C10H6Cl.CO2CH3,  crystallizes  in 
white,  broad,  brittle  prisms,  and  melts  at  SO".1 

4s'-Chlor-a~naphthoic  acid,  C10H6Cl.CO2H,  is  formed  when 
chlorine  is  passed  into  a  solution  of  a-naphthoic  acid  in  glacial 
acetic  acid  containing  iodine,  and  when  its  nitrile  is  heated 
with  hydrochloric  acid  under  pressure.     It  has  also  been  ob- 

1  Babe,  Bcr.  22,  392. 
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tained  from  4'-amido-a-naphthoic  acid  by  means  of  the  diazo- 
reaction.  It  forms  colourless  needles,  is  readily  soluble  in 
alcohol,  slightly  in  glacial  acetic  acid,  and  melts  at  245°,  but 
sublimes  in  elegant  needles  at  a  lower  temperature  than  this. 
It  cannot  be  further  chlorinated.1 

Calcium  4>'-chlor-a-naphthoatc,  (C10H6Cl.CO2)2Ca  +  2H20, 
crystallizes  in  needles,  and  dissolves  at  the  ordinary  tem- 
perature in  118  parts  of  water. 

Ethyl  4' '  -chlor-a-naphthoate,  C10H6Cl.CO2C2H5,  crystallizes  from 
alcohol  in  quadratic  tablets,  melting  at  42°. 

4'-Chloronaphthamide,  C10H6C1.CO.NH2,  is  formed  when  the 
nitrile  is  boiled  with  alcoholic  potash  and  forms  plates  or 
tablets,  which  melt  at  239°. 

4>'-Chloronaphthonitrile,  C10H6C1.CN,  is  obtained  by  passing 
chlorine  into  a  solution  of  a-naphthonitrile  in  carbon  disulphide 
containing  a  little  iodine.  It  crystallizes  in  large  needles, 
melting  at  145°. 

V -Chlor-a-naphthoic  acid  has  been  prepared  from  the  corre- 
sponding amido-acid  by  allowing  an  alkaline  solution  of  the 
acid  and  the  calculated  amount  of  potassium  nitrite  to  drop 
into  hydrochloric  acid  cooled  by  snow,  and  running  the  liquid 
thus  obtained  into  a  boiling  solution  of  cuprous  chloride  in 
hydrochloric  acid.  It  is  also  formed  in  small  quantity  in  the 
chlorination  of  a-naphthoic  acid.  It  crystallizes  from  weak 
alcohol  in  scales,  melts  at  167°,  and  readily  sublimes  in  tablets. 

Calcium  l'-chlor-a-naphthoate,  (C10H6Cl.CO2)2Ca  +  2H20, 
forms  tabular  aggregates  of  long  hard  needles,  which  dissolve  in 
42  parts  of  water,  and  do  not  appear  to  be  more  soluble  in  hot 
than  in  cold  water. 

Ethyl  l'-chlor-a-naphthoate,  C10H6Cl.CO2C2H5,  crystallizes  in 
long  hard  needles,  and  melts  at  50°. 

4' :  V -Bichlor-a-naphthoic  acid,  C10H5Cl2.CO2H,  is  obtained  by 
chlorinating  the  preceding  compound,  and  has  also  been  obtained 
from  4'-chloro-l'-amidonaphthoic  acid  by  the  diazo-reaction. 
It  crystallizes  in  scales,  which  are  readily  soluble  in '  alcohol, 
and  melt  at  186—187°. 

Its  calcium  salt,  (C10H5Cl2.CO2).,Ca  +  2H20,  crystallizes  in 
long  needles,  which  are  moderately  soluble  in  water.  The 
ethyl  ester  forms  slender  needles,  melting  at  61°. 

Trichlor-a-naphthoic  acid,  C10H4Cl3.CO2H,  is  formed  by  the 
further  action   of  chlorine;    it  crystallizes  from  hot  water  in 

1  J.  Pt.  Chem.  II.  38,  139. 
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small  needles,  melting  at  163—164°.  It  is  accompanied  by  an 
isomeride,  which  is  only  sparingly  soluble  in  alcohol,  also  crys- 
tallizes in  needles  and  melts  at  282°  (Ekstrand). 

4'~Brom-a-naphthoic  acid,  C10H6Br.CO2H,  is  formed  when  a 
solution  of  a-naphthoic  acid  is  heated  with  bromine  in  the 
presence  of  iodine.  It  crystallizes  from  alcohol  in  slender  white 
needles,  which  melt  at  246°.  Its  salts  have  been  investigated  by 
Hausamann.1 

Calcium  4' '-brom-a-naphthoate,  2(C10H6Br.CO2)2Ca  +  3H20, 
forms  slender,  granular  crystals,  and  dissolves  at  20°  in  66'5 
parts  of  water. 

The  ethyl  ester  crystallizes  in  tablets  melting  at  48 — 49° 
(Ekstrand). 

4t'-£rom-a-naphthonitrile,  C10H6Br.CN,  is  obtained  by  the 
action  of  bromine  on  a  solution  of  a-naphthonitrile  in  carbon 
disulphide.  It  crystallizes  from  ether  or  chloroform  in  needles, 
which  melt  at  147°  and  readily  sublime.  On  heating  with 
alcoholic  caustic  soda  to  140 — 150°,  it  is  converted  into  the 
acid  (Hausamann). 

Tetrabrom-a-naphthoic  acid,  C10H3Br4.CO2H,  was  prepared  by 
Hausamann  from  a-naphthoic  acid  by  gradually  heating  it  to 
350°  with  bromine  and  a  little  iodine.  It  sublimes  in  slender 
needles  and  melts  at  239°. 


HALOGEN    SUBSTITUTION    PRODUCTS   OF 
/3-NAPHTHOIC   ACID. 

2682  Chloro-{3-naphthoic  acid,  C10H6Cl.CO2H.  By  passing 
chlorine  into  a  solution  of  /3-naphthonitrile  in  glacial  acetic 
acid  containing  a  little  iodine,  Ekstrand  obtained  (3-chloro- 
tiaphthonitrile,  which  crystallizes  from  alcohol  in  needles,  melting 
at  138°.  On  heating  with  fuming  hydrochloric  acid  to  150°, 
this  is  converted  into  the  acid,  which  also  forms  needles,  and 
melts  at  261°.2 

a-Chloro- ^-naphthoic  acid  has  been  obtained  from  the 
corresponding  hydroxynaphthoic  acid,  which  is  first  converted 
into  a-chloro-/3-naphthenyl  chloride,  C10H6C1.CC13,  by  the  action 
of  phosphorus  pentachloride,  and  this  substance  then  de- 
composed by  boiling  with  acetic  acid  and   a  little  water.     It 

1  Bcr.  9,  1518.  2  Beilsteiris  Handb.  2,  931. 
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crystallizes  from  benzene  in  slender  needles,  melting  at  176°, 
which  are  scarcely  soluble  in  cold  water. 

The  calcium  salt,  (C10H6Cl.CO2)2Ca  +  2H20,  separates  from 
the  aqueous  solution  in  clear  crystals.1 

Dichloro- ^-naphthoic  acid,  C10H5Cl2.CO2H,  is  formed  when 
chlorine  is  passed  into  a  hot  solution  of  yS-naphthoic  acid  in 
acetic  acid  containing  a  little  iodine.  It  crystallizes  from  alcohol, 
in  which  it  is  only  sparingly  soluble  in  needles,  melts  at  291c, 
and  readily  sublimes. 

The  calcium  salt,  2(C10H5Cl2.CO2)2Ca  +  5H20,  crystallizes  in 
small  prisms,  and  dissolves  at  the  ordinary  temperature  in 
3018  parts  of  water.  The  ethyl  ester  crystallizes  from  alcohol 
in  lonsr  needles,  meltinsr  at  660.2 

Mon6bromo-$-naphthoic  acid,  C10H6Br.CO2H,  was  prepared 
by  Hausamann  in  a  similar  manner  to  the  a-compound.  It 
crystallizes  from  alcohol  in  granules,  melts  at  256°,  and  sublimes 
in  slender  white  needles. 

Calcium  bromo-/3-naphthoate,  (C10H6Br.CO2),Ca  +  3H20,  forms 
nodular  crystals,  which  require  5000  parts  of  water  for  solution 
at  20°. 

Bromo-$-naphthonitrile,  C10H6Br.CN,  melts  at  148 — 149°, 
and  sublimes  when  carefully  heated  in  broad  white  needles, 
which  are  extremely  like  those  of  benzoic  acid. 

Hausamann  has  also  prepared  the  following  compounds, 
which  likewise  form  granular  crystals  or  needles,  and  sublime  in 
needles  : 

Melting-point. 
Tribromo-/3-naphthoic  acid,  C10H4Brs.CO2H  .  .  .  269—270° 
Tetrabromo-/Q-naphthoic  acid,  C10H3Br4.CO2H    .    .     259—260° 


NITRO-SUBSTITUTION    PRODUCTS    OF 
a-NAPHTHOIC    ACID. 

2683  4' '-Nitro-a-naphthoic  acid,  C10H6(NO2)CO2H,  is  formed, 
together  with  1 '-nitro-a-naphthoic  acid,  when  a-naphthoic  acid 
is  thoroughly  moistened  with  twice  its  weight  of  nitric  acid  of 
sp.  gr.  1'41,  and  gently  heated  until  the  evolution  of  red  fumes 
ceases.  The  product  is  washed  with  water  and  heated  with 
sodium  carbonate  solution,  a  little  nitronaphthalene  being  left 

1  Wolffenstein,  Ser.  21,  1186.  s  Ekstrand,  Ber.  17,  1605. 
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undissolved.  The  acids  are  precipitated  by  hydrochloric  acid, 
and  are  then  separated  by  the  action  of  hydrogen  chloride  on 
their  alcoholic  solution,  which  converts  the  4'-nitro-acid  alone 
into  the  ethyl  ester.  The  latter  is  separated  from  the  unaltered 
l'-nitro-acid,  after  the  removal  of  the  alcohol  by  evaporation, 
by  treatment  with  sodium  carbonate  solution,  and  is  then 
hydrolysed  by  heating  with  concentrated  sulphuric  acid  on 
the  water-bath.1 

4'-Nitro-a-naphthoic  acid  has  also  been  obtained  by  heating 
its  nitrile  with  hydrochloric  acid.2  It  crystallizes  from  hot 
alcohol  in  slender,  yellowish-white  needles,  and  melts  at  239° ; 
it  dissolves  in  187  parts  of  cold  commercial  alcohol  and  in  4820 
parts  of  cold  water,  freely  in  hot  alcohol,  and  moderately  in  hot 
water.     When  heated  it  readily  sublimes  in  needles. 

Calcium  4' '-nitro-a-naphthoate,  [C10H6(NO2)CO2]2Ca  +  2H20, 
crystallizes  in  yellow  needles,  which  are  somewhat  sparingly 
soluble  in  water. 

The  methyl  ester,  C10H6(NO2)CO2CH3,  forms  small  needles, 
melting  at  109—110°,  and  the  ethyl  ester,  C10H6(NO2)GO2C2H5, 
crystallizes  in  long,  matted,  almost  colourless  needles,  which 
melt  at  92—93°. 

4'-Nitro-a-naphthoic  acid  is  oxidized  by  alkaline  potassium 
permanganate  solution  and  by  dilute  nitric  acid  to  v-nitro- 
phthalic  acid  ; 3  when  it  is  heated  for  some  time  with  an  excess 
of  nitric  acid  of  sp.  gr.  13,  1  : 4'-dinitronaphthalene  is  formed 
(Ekstrand). 

4' ' -Nitro-a-naphthonitrile,  C10Hs(NO2)CN,  is  formed  together 
with  isomeric  compounds  by  the  nitration  of  a-naphthonitrile  ; 
it  crystallizes  in  fine  needles,  melts  at  205°,  and  is  readily 
soluble  in  hot  alcohol.4 

V-Nitro-a-naphthoic  acid  crystallizes  from  alcohol  in  yellowish- 
white,  hard  prisms,  which  melt  at  215°,  and  do  not  sublime  even 
when  heated  above  the  melting-point  for  a  considerable  time. 
It  dissolves  at  the  ordinary  temperature  in  21'5  parts  of  com- 
mercial alcohol  and  in  2590  parts  of  water ;  it  is  readily  soluble 
in  hot  alcohol  and  glacial  acetic  acid,  somewhat  less  freely  in 
boiling  water. 

Calcium   V -nitro-a-naphthoate,  [C10H6(NO2)CO2]2Ca  +  3H20, 

1  Ekstrand,  J.  Pr.  CJiem.  II.  38,  155  and  241. 

2  Graeff,  Ber.  16,  2246. 

3  Graeff,  Ber.  15,  1125. 

■>  Graeff,  Ber.  14,  1063  ;  16,  2246. 
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crystallizes  in  long  yellow  tablets,  which  dissolve  in  159  parts 
of  cold  water. 

The  ethyl  ester,  C]0H6(NO2)CO2C2H5,  is  not  formed  by  the 
action  of  hydrogen  chloride  on  the  alcoholic  solution  of  the  acid, 
but  was  prepared  by  Ekstrand  from  the  silver  salt  and  ethyl 
iodide  ;  it  forms  hard,  yellow,  octohedral  crystals,  and  melts  at 
68 — 69°.  On  continued  heating  with  nitric  acid  of  sp.  gr.  13, 
the  acid  is  converted  into  1  :  l'-dinitronaphthalene. 

4  :  i'-Dinitro-a-naphthoic  acid,  C10H5(]SrO2)2CO2rI,  is  obtained, 
accompanied  by  isomerides,  by  the  action  of  red,  fuming  nitric 
acid  on  a-naphthoic  acid,  and  is  the  chief  product  of  this  re- 
action, but  cannot  be  completely  separated  from  the  other  pro- 
ducts by  crystallization.  The  pure  acid  can,  however,  be  obtained 
by  converting  the  crude  substance  into  the  ethyl  ester  and  then 
decomposing  the  latter.  It  can  be  prepared  more  readily  and 
purer  by  heating  4-nitro-a-naphthoic  acid  with  fuming  nitric 
acid.  It  crystallizes  from  hot  alcohol  in  yellowish-white  needles, 
which  melt  at  265°. 

The  calcium  salt,  [C10H5(NO2)2CO2]2Ca  +  3H20,  crystallizes 
in  needles,  which  are  moderately  soluble  in  hot  water. 

The  ethyl  ester,  C10H5(NO2)2CO2.C2H6,  forms  slender  needles, 
melting  at  143°. 

When  the  acid  is  heated  with  tin  and  hydrochloric  acid, 
1  :l'-diamidonaphthalene  is  formed. 

4' :  V  -Dinitro-a-naphthoic  acid  is  obtained,  together  with  the 
preceding  compound  and  with  that  next  to  be  described,  from 
4'-nitro-naphthoic  acid  ;  it  separates  from  hot  alcohol  in  rhombic 
crystals,  which  melt  at  218°. 

The  calcium  salt,  [C10H5(NO2).,CO2]2+  7H20,is  readily  soluble 
in  water,  and  crystallizes  in  broad,  lustrous-yellow  needles. 

The  ethyl  ester  is  not  formed  by  the  action  of  hydrogen 
chloride  on  the  alcoholic  solution  of  the  acid,  but  has  been 
prepared  from  the  silver  salt  and  ethyl  iodide ;  it  forms  long, 
hard  yellow  needles,  melting  at  129.° 

On  reduction  the  acid  is  converted  into  amidonaphtho- 
styril. 

4' :  2-Dinitro-a-naphthoic  acid  crystallizes  from  alcohol  in 
small,  broad,  colourless,  silky  plates  or  broad  needles,  which 
melt  at  215°. 

The  ethyl  ester  is  readily  formed  when  hydrogen  chloride  is 
passed  into  the  alcoholic  solution  of  the  acid,  and  crystallizes  in 
slender  matted  needles,  melting  at  137°  (Ekstrand). 
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a-Trinitro-a-naphthoic  acid,  C10H4(NO2)3CO2H,  is  formed, 
together  with  /3-trinitronaphthalene,  by  the  action  of  a  mixture 
of  concentrated  sulphuric  acid  and  fuming  nitric  acid  on 
l'-nitro-a-naphthoic  acid.  It  crystallizes  from  alcohol  in  large 
broad,  brown  needles,  melts  at  283°,  and  has  such  an  intensely 
bitter  taste  that  the  least  trace  produces  a  very  persistent  loath- 
ing. This  is  in  so  far  remarkable  as  among  all  the  other  deriva- 
tives of  a-naphthoic  acid  investigated  by  Ekstrand,  the  only  one 
which  possesses  a  similar  property  is  dichloronitronaphthoic 
acid,  a  substance  described  below.  This  fact  may  perhaps  point 
to  a  similar  constitution  of  the  two  compounds. 

(3-Trinitro-a-naphthoic  acid  is  obtained,  together  with  the 
following  compounds,  when  4  : 4'-dinitronaphthoic  acid  is  heated 
with  sulphuric  acid  and  fuming  nitric  acid  ;  it  is  readily  soluble 
in  alcohol,  and  crystallizes  in  hard,  light  yellow  needles,  melting 
at  236°. 

ry-Trinitro-a-naphthoic  acid  is  only  sparingly  soluble  in  alcohol, 
and  forms  small,  light  yellow,  hard,  cubical  crystals,  melting  at 
293°. 

4>'-Chloro-l'-nitro-a-naphthoic  acid,  C10H5Cl(NO2)CO2H,  is 
formed  when  4'-chlor-<z-naphthoic  acid  is  dissolved  in  fuming 
nitric  acid.  It  crystallizes  in  prismatic  needles,  which  melt 
with  decomposition  at  224 — 225°.  On  further  heating  with 
nitric  acid  it  is  converted  into  /3-dinitrochloronaphthalene. 

Its  ethyl  ester  forms  hard  tablets,  melting  at  121°,  which  are 
readily  soluble  in  alcohol. 

V -Chloronitro-a-naphihoic  acid  has  been  prepared  from 
l'-chlor-a-naphthoic  acid,  and  crystallizes  in  plates  or  hard 
prisms,  melts  at  227°,  and  is  also  readily  soluble  in  alcohol. 
The  ethyl  ester  forms  light  yellow  scales,  melting  at  84°. 

Dichloronitro-a-naphthoic  acid,  C10H4Cl2(NO2)CO2H,  is  obtained 
from  4' :  l'-dichloronaphthoic  acid  and  forms  a  light  yellow  crys- 
talline mass,  melts  at  165°,  is  very  readily  soluble  in  alcohol  and 
glacial  acetic  acid,  and  has  an  intensely  bitter,  repulsive  taste. 

k'-Bromo-V-nitro-a-naphthoic  acid,  C10H5Br(NO2)CO2H,  was 
prepared  by  Ekstrand  from  4'-brom-a-naphthoic  acid ;  it 
crystallizes  from  alcohol  in  small,  yellowish  prisms,  melting  at 
260°. 


306  NAPHTHALENE  DERIVATIVES 


NITRO-SUBSTITUTION  PRODUCTS  OF 
^-NAPHTHOIC  ACID. 

2684  a-Mtro-fi-naphthoic  acid,  C10H6(NO2)CO2H)  was  first  ob- 
tained by  Graeff  from  its  nitrile.1  It  is  also  formed,  together  with 
isomerides,  when  ^-naphthoic  acid  is  dissolved  in  boiling  glacial 
acetic  acid,  an  excess  of  fuming  nitric  acid  added  and  the 
solution  allowed  to  boil  gently  for  some  time.  The  product  is 
converted  into  the  sodium  salts  and  the  solution  concentrated. 
The  salt  of  the  a-acid  soon  separates  out  on  cooling  in  thin, 
rhombic  tablets,  with  a  golden  lustre,  which  are  then  decomposed 
with  hydrochloric  acid.2 

a-Nitro-^-naphthoic  acid  crystallizes  from  boiling  alcohol 
in  long,  yellowish  hair-like  needles,  which  melt  at  293°,  and 
readily  sublime  in  small,  almost  colourless  needles. 

Calcium  a-nitro-fi-naphthoate,  2[C10H6(NO2)CO2]2Ca  +  7H20, 
crystallizes  in  small,  coarse  needles,  united  in  stellate  groups. 

The  methyl  ester,  C10H6(NO2)CO2.CH3,  forms  large,  light 
yellow  needles,  melting  at  112°. 

The  ethyl  ester,  C10H6(NO2)CO2.C2H5,  crystallizes  from  alcohol 
in  long,  slender,  yellow  needles,  and  melts  at  110—111°. 

a-Nitro-^-naphthonitrilc,  C10H6(NO2)CN,  is  formed,  together 
with  other  products,  by  the  nitration  of  /3-naphthonitrile,  and 
separates  from  hot  alcohol  or  glacial  acetic  acid,  according  to  the 
concentration  of  the  solution,  in  simple  or  arborescent  crystals, 
with  a  splendid  golden  lustre,  which  melt  at  172 — 173°. 

(3-Nitro-(3-naphthoic  acid  is  readily  soluble  in  alcohol,  and 
crystallizes  in  slender,  colourless  needles,  melting  at  269°. 

Its  ethyl  ester  forms  small  yellow  tablets  or  plates,  which 
frequently  form  needle-shaped  aggregates,  and  melts  at  93°. 

•y-Nitro- ^-naphthoic  acid,  which  is  separated  from  the  /8-  and  S- 
acids  by  means  of  its  ethyl  ester,  crystallizes  in  small,  almost 
colourless  needles,  which  are  sparingly  soluble  in  alcohol,  and 
melt  at  288—289°. 

The  ammonium  salt  crystallizes  in  long  yellow  needles,  which 
are  very  sparingly  soluble  in  water  at  the  ordinary  temperature. 

The  ethyl  ester  forms  elongated  rhombic  tablets,  melting  at 
121°. 

On  oxidation  with  potassium  permanganate  it  yields  a  mixture 

1  Ber.  16,  2246.  "-  Ekstrand,  Ber.  18,  1204. 
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of  nitrophthalic  and  trimellitic  acids.  Both  this  acid  and  the 
o-acid  yield  a-naphthylamine  on  reduction  and  elimination  of 
the  carboxyl  group,  so  that  they  are  probably  the  l'-/3  and  4'-/3 
isomerides.1 

h-Nitro-ft-naphthoic  acid  forms  stellate  groups  of  small  needles, 
melting  at  285°.  The  ethyl  ester  crystallizes  in  small  needles 
and  melts  at  75°. 2 

a-Dinitro-j3-naphthoic  acid,  C10H5(NO2)2CO2H,  is  formed, 
together  with  the  following  compound,  when  /3-naphthoic  acid 
is  dissolved  in  fuming  nitric  acid.  On  the  gradual  evaporation 
of  the  alcoholic  solution,  the  a-acid  separates  out  in  woolly 
needles,  whereas  the  /3-acid  crystallizes  in  small  prisms.  It  is 
best  prepared  by  heating  'y-nitro-/3-naphthoic  acid  with  5  parts 
of  fuming  nitric  acid,3  and  is  purified  by  recrystallization. 

a-Dinitro-/3-naphthoic  acid  forms  long,  slender,  silky  needles, 
or  hard  yellow  crystals,  and  melts  at  226°.  Its  ethyl  ester  is 
very  soluble  in  hot  alcohol,  and  crystallizes  in  matted,  silky 
needles. 

j3-Dinitro-@-naphthoic  acid,  which  is  best  prepared  by  heating 
a-nitro-/3-naphthoic  acid  with  fuming  nitric  acid,  forms  small, 
hard,  rectangular  prisms,  melting  at  248°.* 

The  calcium  salt  crystallizes  in  prismatic  needles,  and  is 
moderately  soluble  in  hot  water ;  the  ethyl  ester  separates  from 
hot  alcohol,  in  which  it  is  not  very  readily  soluble,  in  small, 
hard,  wedge-shaped  crystals,  melting  at  165°.5 


AMIDO-a-NAPHTHOIC  ACIDS. 

2685  k-Dimethylamido-a-naphthoic  acid,  C10H6N(CH3)2CO2H, 
is  obtained  by  heating  dimethyl-a-naphthylamine  with  carbonyl 
chloride  to  60 — 70°,  and  treating  the  product  with  sodium 
amalgam.  It  crystallizes  from  alcohol  in  white  pointed  needles, 
melts  at  163 — 165°,  and  combines  both  with  bases  and  acids.6 

4<'-Amido-a-naphthoic  acid,  CjoH^NH^CO^,  is  formed  when 

1  Ekstrand,  J.  Pr.  Chem.  II.  42,  295. 
=  Ekstrand,  J.  Pr.  Chem.  II.  42,  304. 
3  Ekstrand,  J.  Pr.  Chem.  II.  42,  300. 
«  Ekstrand,  J.  Pr.  Chem.  II.  42,  286. 
«  Ekstrand,  Ber.  17,  1600. 
•  Friedlander  and  Welmans,  Ber.  21,  3126. 
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the  corresponding  nitro-acid  is  dissolved  in  ammonia  and  ferrous 
sulphate  added.  On  the  addition  of  acetic  acid  to  the  filtrate 
it  separates  out  in  slender  needles,  which  soon  become  coloured 
violet.  It  melts  at  211 — 212°,  is  sparingly  soluble  in  ether, 
somewhat  more  freely  in  alcohol  and  acetic  acid,  and  combines 
both  with  acids  and  bases. 

Calcium  4s  -amido-a-naphthoatc,  [C10H6(NH2)CO„]2Ca  +  3H20, 
crystallizes  in  hard,  faintly  violet  coloured  needles,  which  are 
very  soluble  in  water. 

Amido-a-naphthoic  acid  hydrochloride,  C10H0(NH3Cl)CO2H, 
crystallizes  from  hot  water  in  long,  faintly  violet  coloured 
needles,  which  are  only  sparingly  soluble  in  cold  water. 

The  nitrate  C10H6(NH3NO3)CO2H,  forms  long,  violet  needles, 
and  the  sulphate  [C10Hc(CO2H)NH3]2SO4,  crystallizes  in  reddish 
needles,  and  is  even  less  soluble  in  water  than  the  hydro- 
chloride. 

A< -Acetamido-a-naphthoic  acid,  C10H6(NH.CO.CH3)CO2H,  is 
obtained  by  boiling  the  amido-acid  with  acetic  anhydride,  and 
crystallizes  from  hot  alcohol  in  microscopic  needles,  melting 
above  2800.1 

V -Chloramido-a-naphthoic  acid,  C10H5CI(NH2)CO2H,  was  pre- 
pared by  Ekstrand  by  the  reduction  of  the  corresponding  nitro- 
acid  ;  it  forms  colourless  needles,  and  its  hydrochloride  crystallizes 
in  long  hard  needles. 

1' ' -Amido-a-napihthoic  acid  is  obtained  from  the  corresponding 
nitro-acid  in  a  similar  manner  to  the  4'-a-compound.  It  separates 
from  the  ammoniacal  solution  on  the  addition  of  acetic  acid  in 
small  needles.  The  calcium  salt,  [C10H6(]SrH2)CO2]2Ca  +  9H20, 
is  very  readily  soluble,  and  forms  indistinct  crystalline  aggregates, 
consisting  of  slender  needles. 

When  hydrochloric  acid  is  added  to  a  solution  of  the  sodium 
salt,  the  hydrochloride  is  precipitated  in  slender  needles,  but 
rapidly  changes  to  the  following  compound. 

Naphthostyril  is  also  formed  when  the  amido-acid  is  heated 
with  water  or  alcohol : 

yNH2  NHX 

C10H6<  =  C10H6<;        \  +  H20. 

XCO.OH  \CCK 

Its  formation  can  readily  be  understood,  since  the  amido-acid  is 
1  Ekstrand,  J.  Pr.  Chem.  II.  38,  244. 
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a  peri-compound  ;  the  constitution  of  naphthostyril  is  therefore 
expressed  by  the  formula  : 

NH-CO 


It  crystallizes  from  alcohol  in  slender,  greenish  needles,  melts  at 
180 — 181°,  and  readily  sublimes  in  small,  yellow  needles.  It 
dissolves  in  alkalis,  the  corresponding  salts  of  the  amido-acid 
being  formed,  whereas  hot  hydrochloric  acid  dissolves  it  without 
change,  forming  a  solution  from  which  it  separates  out  again  on 
cooling. 

Acetonapliihostyril,  C10H6CO(N.CO.CH3),  is  obtained  by  heat- 
ing the  amido-acid  with  acetic  anhydride  on  the  water-bath.  It 
separates  out  on  cooling  in  stellate  groups  of  needles,  and 
crystallizes  from  alcohol  in  long,  white,  hair-like  needles, 
melting  at  125°. 

Benzonaphthostyril,  C10H6CO(N.CO.C6H5),  is  formed  when 
naphthostyril  is  heated  with  benzoyl  chloride.  It  crystallizes 
from  alcohol  in  slender  needles,  and  melts  at  170°. 

Ekstrand  has  also  prepared  the  following  compounds  : 1 

Melting-point. 

a-Naphthoylnaphthostyril,  needles 152° 

/3-Naphthoylnaphthostyril,  needles 197 — 198° 

Chloronaphthostyril,  C10H5C1(CO.NH),  is  formed  by  the  re- 
duction of  4'-chloro-l'-nitronaphthoic  acid,  and  crystallizes  from 
alcohol  in  golden-yellow  needles,  which  melt  at  270°. 

Dichloronaphthostyril,  C10H4C12(CO.NH),  is  produced  by  a 
remarkable  reaction,  together  with  carbon  dioxide  and  chloro- 
naphthalene,  when  l'-nitro-a-naphthoic  acid  is  heated  with  an 
excess  of  fuming  hydrochloric  acid  to  140 — 150° : 

C10H6(NO„)CO.OH  +  4IIC1  = 
C10H,C12(C6.NH)  +  3HjO  +  Cl2. 

It  is  also  formed  by  the  action  of  chlorine  on  naphthostyril,  and 
crystallizes  from  glacial  acetic  acid  in  golden-yellow  needles, 
which  melt  at  264—265°. 

Brc/monapMhostyril,   C10H6Br(CO.NH),   is  prepared  by   the 

1  J.  Pr.  Chen.  II.  38,  159. 
320 
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reduction  of  4'-bromo-l'-nitronaphthoic  acid,  and  crystallizes 
from  alcohol  in  brown  needles,  melting  at  257°. 

Dibromonaphthostyril,  C10H4Br2(CO.NH),  is  formed  when 
l'-nitro-a-naphthoic  acid  is  heated  with  hydrobromic  acid  to 
160 — 170°,  and  also  when  a  solution  of  naphthostyril  in  glacial 
acetic  acid  is  heated  with  bromine  and  a  little  iodine.  It 
crystallizes  from  alcohol  or  acetic  acid  in  golden-yellow  needles, 
and  melts  at  268—270°.  When  it  is  boiled  for  a  considerable 
time  with  acetic  anhydride,  acetodibromanaphthostyril,  C10H4Br2 
(CO.N.CO.CHg),  is  formed.  This  substance  crystallizes  in  small 
yellow  needles,  melts  at  185°,  and  only  dissolves  in  alkalis  with 
difficulty. 

i'-Nitronaphthostyril,  C10H5(NO2)(CO.NH),  may  be  obtained 
either  by  the  nitration  of  naphthostyril  or  by  heating  4'  :  1'- 
dinitro-a-naphthoic  acid  with  tin  or  hydrochloric  acid.  It 
crystallizes  from  glacial  acetic  acid  in  orange-yellow  needles, 
which  melt  at  about  300°. 

4<'-Amidonaphthostyril,  C10H6(NH2)(CO.NH),  is  formed  when 
the  preceding  compound  is  submitted  to  the  further  action  of 
tin  and  hydrochloric  acid.  It  crystallizes  from  alcohol  in  broad 
red  needles,  and  melts  at  239—240°.  If  the  amido-group  be 
replaced  by  chlorine  the  chloronaphthostyril  described  above  is 
obtained.  The  hydrochloride,  G10H6(NHSC1)(CO.NH),  forms 
yellow  needles. 

Dinitronaphthostyril,  C10H4(NO2)2(CO.NHX  is  obtained  by  the 
action  of  fuming  nitric  acid  on  dibromonaphthostyril  and  on 
nitronaphthostyril.  It  crystallizes  in  yellow  prisms  or  tablets, 
which  melt  above  290°. 

Naphthostyrilquinone,  C10H4O2(CO.NH),  is  formed  by  the 
action  of  chromium  trioxide  on  an  acetic  acid  solution  of 
naphthostyril,  and  crystallizes  from  glacial  acetic  acid  in  long 
red  needles,  which  melt  at  about  278°.  It  is  a  derivative  of 
^-naphthoquinone,  since  it  is  converted  by  o-diamidotoluene 
into  naphthostyriltoluqidnoxaline,  C10H4(N2C0H3.CH3)(CO.NH), 
which  forms  a  yellow  crystalline  powder.1 

1  The  quinoxalines  are  feeble  bases,  which  are  formed  by  the  action  of  ortho- 
diketones  on  ortho-diamines.  The  simplest  member  of  the  group  is  obtained 
from  o-diamidobenzene  and  glyoxal : 

/NH2       CHO  /N_CH 

C6H4<-  +    I         =  C6H4<         I      +  2H20. 

XNH3       CHO  \N=CH 

This  and  the  other  quinoxalines  will  be  subsequently  described.   (See  also  Part  III 
p.  73). 
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The  constitution  of  naphthostyrilquinone  must  therefore  be 
expressed  by  one  of  the  following  formulae  : 


NH-CO 


NH-CO 


0 


0 


0 


o 


AMIDO-yS-NAPHTHOIC  ACIDS. 

2686  These  compounds  have  been  obtained  by  Ekstrand  by 
the  reduction  of  the  nitro-acids  with  ammonia  and  ferrous 
sulphate.1 

a- Amido- ^-naphthoic  acid,  C10H6(NH2)CO2H,  crystallizes  in 
microscopic  lustrous  rhombic  tablets,  which  soon  become  coloured 
violet,  and  melt  at  232°.  The  hydrochloride,  C10H6(NH3C1) 
C02H,  forms  long  violet  needles,  the  nitrate,  C10H0(NH3NO3) 
C02H,  large  brown  needles,  and  the  sulphate  well  developed 
almost  colourless  needles. 

Acetylamido- ^-naphthoic  acid,  C10H6(CO2H)NH.C2H3O,  is 
obtained  by  heating  the  acid  with  acetic  anhydride.  It  is  very 
sparingly  soluble  in  alcohol,  and  crystallizes  from  acetic  acid  in 
small  tablets,  melting  at  291°. 

Calcium  a-amido-/3-naphthoate,  [C10H6(NH2)CO2]2Ca  +  4H20, 
is  readily  soluble  in  water,  and  crystallizes  in  short,  lilac-coloured 
needles  or  prisms. 

ft-Amido- ^-naphthoic  acid  crystallizes  from  dilute  alcohol  in 
small  needles,  melts  at  211°,  and  soon  becomes  coloured  violet. 

y-Amido-j3-naphthoic  acid  is  precipitated  from  its  solution  in 
acetic  acid  in  small  yellow  needles.  It  crystallizes  from  weak 
alcohol  in  hair-like  colourless  needles,  which  on  drying  take  a 
violet  colour,  and  melt  at  219°. 

The  hydrochloride  and  sulphate  form  small  prisms,  whilst  the 
nitrate  crystallizes  in  large  thin  plates.  The  salts  are  readily 
soluble  in  water,  forming  cherry-red  solutions. 

Acetyl-y-amido-fi-?iaphthoic  acid  is  very  readily  formed  by  the 
action  of  acetic  anhydride  on  the  acid.     It   crystallizes   from 

1  Ber.  18,  1204. 
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alcohol  in  slender  needles,  melting  at  258°.  The  diacctyl  deri- 
vative forms  thick,  hard  crystals,  and  melts  at  181°.  The  mon- 
acetyl  derivative  is  converted  by  nitric  acid  into  nitro-acetamido- 
fi-naphthoic  acid,  C10H5(NO2)(NHC2H3O)CO2H,  which  crystal- 
lizes from  alcohol  in  slender  needles,  and  melts  at  270".1 

a-Nitro-amido-fi-naphthoic  acid,  C10H5(NO2)(NH2)CO2H,  is 
prepared  by  the  action  of  alcoholic  ammonium  sulphide  on  the 
a-dinitro-acid.  It  is  precipitated  by  acetic  acid  in  stellate 
groups  of  small  needles,  melting  at  235°.  Its  hydrochloride 
forms  slender  reddish  needles. 

a-Diamido- ^-naphthoic  acid  forms  slender  colourless  needles, 
melting  at  130".  The  di-hydrochloridc  crystallizes  in  long 
needles  and  is  moderately  soluble  in  pure  water.2 

fi-Diamido-/3 -naphthoic  acid,  C10H5(NH2)2CO2H,  is  obtained 
by  reducing  the  corresponding  dinitro-acid  with  ferrous  sulphate 
in  ammoniacal  solution.  It  forms  greenish-yellow  needles,  melts 
at  202°,  and  partially  sublimes  on  heating.  The  monohydro- 
chloride  forms  glimmering  plates,  melting  at  above  285°. 


/CO„H 
SULPHONAPHTHOIC    ACIDS,  C10H6( 

2687  a-Sulpho-a-naphthoic  acid  is  formed,  together  with  the 
compounds  next  to  be  described,  by  the  action  of  slightly  fuming 
sulphuric  acid  on  a-naphthoic  acid,  and  is  separated  from  its 
isomerides  by  means  of  the  barium  salt.3  It  is  readily  soluble  in 
water,  and  crystallizes  when  the  solution  is  allowed  to  evapo- 
rate in  a  desiccator  in  well  developed  prisms  which  are  not 
deliquescent,  and  melt  at  235°  with  decomposition. 

Normal  barium  a-sulpho-a-naphthoaU,  C10H6.SO3BaCO2  + 
4H20,  crystallizes  in  transparent,  lustrous,  monosymmetric 
prisms,  which  are  slightly  soluble  in  cold,  moderately  in  boiling 
water. 

Acid  barium  a-sulpho-a-naphthoate,  [C10H6(SO3H)CO2]2Ba 
+2H20,  is  much  more  readily  soluble,  and  crystallizes  in  lustrous 
prisms. 

fi-Sulpho-a-naphthoic  acid  forms  a  crystalline,  very  freely 
soluble  mass,  which  melts  at  218—222°  with  decomposition. 

1  Ekstrand,  /.  Pr.  Chem.  II.  42,  396.  2  Ekstrand,  loc.  cit. 

3  Battershall,  Annalen,  168,  114  ;  Sturapf,  Annalcn,  188,  1. 
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Normal  larium  fi-sulpho-a-naphthoate,  2C10H6SO3BaCO2 
+  7H20,  forms  fascicular  groups  of  thick,  colourless,  lustrous 
needles,  which  are  only  sparingly  soluble  in  water,  but  more 
readily  than  the  salt  of  the  a-sulpho-acid. 

Acid  larium  fi-stUpho-a-naphtkoate,  [C10H6(SO3H)CO2]3Ba 
+  4H20,  is  more  readily  soluble  than  the  normal  salt,  and  forms 
soft  nodular  aggregates. 

y-Sulpho-a-naphthoate  is  readily  soluble,  and  crystallizes  in 
small  matted  needles,  melts  at  182 — 185°,  and  froths  up  and 
decomposes  at  187°. 

Normal  larium  <y-sulpho-a-naphthcatc,  2C10H6SO3BaCO2 
+  3H20,  is  moderately  soluble  in  water,  and  separates  when  the 
hot  solution  is  cooled  as  a  lustrous,  hard,  crystalline  mass. 

Acid  larium  «/-sulpho-a-naphthoata,  [C10H6(SO3H)CO2]2Ba 
+  H20,  is  precipitated  as  a  crystalline  mass  when  barium  chloride 
is  added  to  a  solution  of  the  free  acid  or  hydrochloric  acid  added 
to  a  solution  of  the  normal  salt.  It  is  only  very  slightly  soluble 
even  in  hot  water,  from  which  it  separates  in  small  hard  nodules. 

B-Sidpho- ^-naphthoic  acid  is  readily  formed,  together  with  a 
very  small  amount  of  an  isomeric  acid,  when  /3-naphthoic  acid 
is  dissolved  in  fuming  sulphuric  acid.  It  is  readily  soluble  in 
water,  and  forms  a  crystalline  mass,  melting  with  slight  decom- 
position at  229—230°. 

Normal  larium  Z-sulpho-fi-napMhoaU,  2C10H6SO3BaCO2  + 
13H20,  is  readily  soluble  and  crystallizes  in  fascicular  groups  of 
long,  silky  needles.  Battershall  obtained  it  in  monosymmetric 
crystals,  containing  one  molecule  of  water. 

Acid  larium  8-sulpho-f3-naphthoate,  2[C10H6(SO3H)CO2]oBa 
+  13H20,  is  almost  insoluble  in  cold  water,  but  dissolves  to  a 
moderate  extent  in  hot  water,  from  which  it  crystallizes  in  large 
lustrous  plates,  or  long  silky  needles. 


HYDROXYNAPHTHOIC  ACIDS,  CLH, 


icr 


,OH 
\CO,H 


2688  Eight  of  these  compounds  are  at  present  known ;  the 
first  four  have  been  prepared  by  fusing  the  sulphonaphthoic 
acids  with  caustic  potash  (Battershall,  Stumpf). 

a-Hydroxynaphthoic  acid  crystallizes  from  boiling  water  in 
long,  thin,  matted  needles,  is  readily  soluble  in  alcohol,  melts  at 
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234 — 237°,  and  when  carefully  heated  sublimes  without  much 
decomposition.  Its  aqueous  solution  gives  a  dirty-violet  precipi- 
tate with  ferric  chloride.  On  heating  with  lime  it  decomposes 
into  a-naphthol  and  carbon  dioxide. 

ft- Hydroxy  naphthoic  acid  is  readily  soluble  in  alcohol,  from 
which  it  separates  in  white  druses  covered  with  fine  hair-like 
forms,  whilst  it  crystallizes  from  hot  water  in  voluminous  masses, 
consisting  of  slender  needles.  It  melts  with  slight  decomposition 
at  245 — 247°.  The  solution  is  not  coloured  by  ferric  chloride, 
but  a  reddish-brown  precipitate  is  formed  on  heating.  When  it 
is  distilled  with  lime,  /3-naphthol  is  formed. 

ry-Hydroxynaphthoic  acid  separates  from  hot  water  in  small, 
branched  needles,  melts  at  186 — 187°,  is  very  readily  soluble  in 
alcohol,  and  also  yields  /3-naphthol  on  heating  with  lime. 
Ferric  chloride  produces  a  chocolate-coloured  precipitate  in  its 
aqueous  solution. 

h-Hydroxynaphthoic  acid  crystallizes  from  hot  water  in  long 
needles,  melting  at  212 — 213°,  and  separates  from  alcohol  in 
fascicular  groups  of  lustrous  needles.  Its  solution  gives  a  dirty 
carmine-red  precipitate  with  ferric  chloride  ;  on  heating  with 
lime  it  yields  a-naphthol. 

Perihydroxynaphthoic  acid  was  obtained  by  Ekstrand  by  dis- 
solving the  corresponding  amido-acid  in  dilute  caustic  potash 
solution,  adding  potassium  nitrite,  and  pouring  the  solution,  after 
cooling  with  ice,  into  cooled  dilute  sulphuric  acid.  On  heat- 
ing on  the  water-bath  nitrogen  is  evolved,  and  the  lactone 
separates  out  in  small  needles,  which  are  boiled  with  caustic 
potash  solution  to  obtain  a  salt  of  the  acid.  T-he  latter  is 
then  precipitated  in  small  lustrous  needles  by  the  addition  of 
hydrochloric  acid.  It  is  readily  soluble  in  hot  water,  alcohol, 
and  ether,  from  which  it  crystallizes  in  nodular  aggregates  of 
minute  needles,  melting  at  169°. 

Calcium  perihydroxynaphthoatc,  2[C10H6(OH)CO2],Ca  +  7H20, 
crystallizes  in  tabular  aggregates  of  needles ;  the  basic  salt, 
C10H6OCaCO2,  separates  out  when  the  solution  is  boiled.  Ferric 
chloride  produces  a  violet  precipitate. 

/C0\ 
Naphtholactonc,  Cl0H 8f  ),  crystallizes  from  alcohol  in  long 

\  o  / 

needles,  and  from  ether  in  thick  hard  tablets,  melts  at  108°,  and 
sublimes  in  slender  needles.     It  is  insoluble  in  cold  alkalis. 
Chloronaphtholactone,  C10H6C1(O.CO),  is  formed  when  chlorine 
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is  passed  into  a  solution  of  the  lactone  in  carbon  disulphide 
containing  iodine.  It  crystallizes  from  alcohol  in  needles, 
melting  at  184 — 185°.  On  boiling  with  caustic  soda  it  is  con- 
verted into  chloropcrihydroxynaphthoic  acid,  C10H5Cl(OH)CO2H, 
which  is  precipitated  by  hydrochloric  acid  as  a  crystalline 
powder,  consisting  of  slender  needles,  and  melts  and  froths  up 
at  190—191°. 

Bromonaphtholactone,  C10H5Br(O.CO),  forms  slender  white 
needles,  melting  at  192°. 

Nitrcmaphiholactone,  C10H5NO2(O.CO),  is  only  sparingly 
soluble  in  alcohol,  and  crystallizes  from  glacial  acetic  acid  in 
slender  yellow  needles,  which  melt  at  242°,  and  readily  dissolve 
in  warm  caustic  soda  solution.  Hydrochloric  acid  added 
to  this  solution  precipitates  nitropcrihydroxynaphthoic  acid, 
C10H6NO2(OH)GO2H,  as  a  yellow  powder,  consisting  of  small 
rhombic  tablets,  which  also  melt  at  242°,  the  lactone  being 
probably  formed.1 

a-Hydroxy-(S-iiapMlioic  acid,  or  a-NapMhol-fi-carloxylic  acid,  is 
obtained  by  the  action  of  carbon  dioxide  on  a  mixture  of  a-naph- 
thol  and  sodium.2  It  is  prepared  on  the  large  scale  by  heating 
sodium  a-naphthate  with  liquid  carbon  dioxide  to  130°  3  (Pt.  IV. 
p.  299).  It  is  sparingly  soluble  in  water,  crystallizes  from  alcohol 
or  ether  in  stellate  groups  of  needles,  and  melts  at  185 — 186°, 
with  partial  decomposition  into  a-naphthol  and  carbon  dioxide, 
which  also  takes  place  on  continued  boiling  with  water.  Its 
aqueous  solution  is  coloured  blue  by  ferric  chloride. 

It  is  employed  instead  of  salicylic  acid,  since  it  is  a  still  more 
powerful  antiseptic  than  this. 

Sodium  a-hydroxy-{3-7iaphthoatc,  C10H6(OH)CO2Na  +  3H2O, 
crystallizes  from  hot  water  in  large,  thin,  pearly  plates,  and  from 
alcohol  in  well  developed  rhombic  plates.  With  concentrated 
nitric  acid  it  gives  a  characteristic  violet  or  blue  colouration, 
which  gradually  changes  to  red.4 

Calcium  a-hydroxy-fi-naphthoate,  (CuH7Oa)2Ca,  crystallizes  in 
long  needles,  sparingly  soluble  in  water. 

Schmitt  and  Burkhard  have  prepared  a  number  of  esters  and 
substitution-products,  but  merely  mention  their  melting-points. 

a-Eydroxy-fi-naphthophosphoric  acid,  PO(OH)2.O.C10H6.CO2H. 

i  J.  Pr.  C'hem.  II.  38,  278. 

2  Eller,  Annalen,  152,  275  ;  Schaffer,  Annalen,  152,  279. 

3  Schmitt  and  Burkhard,  Ber.  20,  2699  ;  Schultz,  Stcinkohlenthcer,  2,  976. 

4  Ellenberger  and  Hofmeister,  Archiv  Pathol.  Pharmakol.  1888. 


316  NAPHTHALENE  DERIVATIVES 

When  the  a-hydroxy-acid  is  treated  with  phosphorus  penta- 
chloride  it  yields  the  compound  POC12(O.C10H6.CC13),  which 
crystallizes  from  light  petroleum  in  transparent  prisms  melting 
at  115°.  On  exposure  to  moist  air  this  passes  into  the  above 
acid,  which  separates  from  acetone  in  slender  needles,  and  is 
quickly  resolved  by  water  into  phosphoric  and  a-hydroxynaphthoic 
acids.  If  the  chloride  be  further  heated  with  phosphorus  penta- 
chloride  at  180°,  it  is  converted  into  chloronaphthomethine 
chloride,  C10HUC1.CC13,  crystallizing  from  light  petroleum  in 
rhombohedra,  which  melt  at  73°  and  are  converted  by  boiling 
aqueous  acetic  acid  into  a-chloro-/3-naphthoic  acid.1 

a-Hydroxy-i-sulpho-/3-nap)hthoicacid,  C10H6(OH)(SO3H)CO2H 
+  5H20,  is  formed  when  the  hydroxy-acid  is  added  to  a  mixture  of 
2  parts  of  fuming  sulphuric  acid  containing  20  per  cent,  of  tri- 
oxide,  and  3  parts  of  concentrated  sulphuric  acid,  cooling  well  with 
ice-water.  The  sulphonic  acid  separates  out  on  warming  to  60°, 
and  crystallizes  from  hot  water  in  small  glistering  needles.  On 
boiling  with  dilute  sulphuric  acid  it  readily  loses  not  only  carbon 
dioxide  but  also  the  sulpho-group  with  formation  of  considerable 
quantities  of  a-naphthol,  whilst  with  dilute  nitric  acid  it  yields 
ordinary  dinitronaphthol  or  naphthol  yellow.  When  treated  with 
cold  nitric  acid  of  sp.  gr.  1'48  in  acetic  acid  solution  it  is  con- 
verted into  a-hydroxy-4-nitro-/3-naphthoic  acid,  which  is  also 
obtained  by  the  nitration  of  a-hydroxy-/3-naphthoic  acid ;  with 
diazobenzene  chloride  it  yields  benzeneazo-a-naphtholsulphonic 
acid. 

The  salts  are  more  stable  than  the  free  acid.  The  acid  sodium 
salt,  C10H6(OH)(SO3Na)CO2H,  separates  out  in  thin  elastic 
lustrous  needles  when  sodium  chloride  is  added  to  a  warm  solu- 
tion of  the  acid.  The  normal  salt,  C10H5(OH)(SO3Na)CO2Na, 
is  obtained  by  neutralizing  the  acid  with  sodium  carbonate, 
whereas  by  warming  it  with  an  excess  of  caustic  soda  it  yields 
the  basic  salt,  C10H5(ONa)(SO3Na)CO2Na,  crystallizing  in  long 
glassy  needles  which  become  opaque  in  the  air. 

On  warming  the  hydroxy-acid  with  4  parts  of  fuming  sulphuric 
acid  it  forms  the  disulphonic  acid,  C10H4(OH)(SO3H)2CO2H  + 
4H20,  which  crystallizes  in  beautiful  stellate  groups  of  needles.2 

^-Amido-a-hydroxy-^-naphthoic  acid,  C10H6(NH2)(OH)CO2H. 
When  an  alkaline  solution  of  hydroxynaphthoic  acid  is  mixed 
with  diazobenzene  chloride  it  forms  lenzeneazohydroxynaphthoic 

1  Wolffenstein,  Bcr.  20,  1966. 

2  Konig,  Bcr.  22,  787  ;  23,  806. 
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acid,  C6H5.N  :  N.C10H5(OH)CO2H,  which  crystallizes  from  acetic 
acid  in.  lustrous  green  needles,  melts  at  192°,  and  is  converted  by 
stannous  chloride  and  hydrochloric  acid  into  aniline  and  the 
amido-acid.  The  latter  forms  a  crystalline  powder  scarcely 
soluble  in  water,  alcohol,  or  acetic  acid,  and  decomposes  on 
heating  in  a  current  of  hydrogen  chloride  at  230°  into  carbon 
dioxide  and  1  : 4-amido-naphthol.1 

a-Hydroxy-^-naphthohydroxamic  acid,  C10H(i(OH)(O.NH.OH), 
is  formed  by  allowing  the  methyl  ester  of  the  hydroxy-acid, 
which  melts  at  78°,  to  remain  with  an  alkaline  solution  of 
hydroxylamine,  and  crystallizes  from  ether  in  microscopic 
octohedra,  soluble  in  alkalis  with  formation  of  green  salts. 
Ferric  chloride  colours  the  aqueous  solution  of  the  acid  violet.2 

fi-Hydroxy-a-naphthaldehydc,  C]0H6(OH)CHO,  is  prepared 
by  warming  an  alkaline  solution  of  /3-naphthol  with  chloroform, 
and  crystallizes  from  alcohol  in  beautiful  prisms,  which  melt 
at  76°  and  are  volatile  with  steam.  On  careful  fusion  with 
potash  it  is  converted  into  the  acid.3 

fi-Hydroxy-a-naphthoic  acid,  or  (3-Naphlhol-a-carhoxylic  acid, 
C10H6(OH)CO2H,is  prepared  on  the  large  scale  from  /3-naphthol 
in  a  manner  corresponding  to  that  employed  for  the  manufac- 
ture of  the  a-/?-acid,  and  is  used  for  the  same  purposes.  It 
is  very  sparingly  soluble  in  water,  readily  in  alcohol,  and 
crystallizes  from  dilute  alcohol  in  slender  needles  which  melt  at 
156 — 157°  if  quickly  heated ;  on  slowly  heating  they  decompose 
at  124 — 128°  with  evolution  of  carbon  dioxide,  and  they  are  con- 
verted into  /3-naphthol  and  carbon  dioxide  on  boiling  with  water. 
Its  aqueous  solution  is  coloured  blue  by  ferric  chloride.  The 
salts  are  somewhat  more  stable  than  the  free  acid,  the  sodium 
salt  being  only  coloured  greenish-yellow  by  fuming  nitric  acid. 

Schmitt  and  Burkhard  have  prepared  esters  and  other  deriva- 
tives of  this  acid,  but  have  given  no  details.  The  methyl 
ester  melts  at  69°,  and  is  converted  by  hydroxylamine  into 
/3-hydroxy-a-naphthohydroxamic  acid,  which  is  a  yellow  amor- 
phous  compound,    and   gives   a   violet   colouration   with  ferric 

chloride. 

fi-Hydroxy-a-naphthophosphoric  acid,  PO(OH)2OC10H6.CO2H, 
is  prepared  in  the  same  manner  as  the  a-/3-compound.  The  first 
product    is    the    chloride,   POC12O.C10H6.CC13,    crystallizing   in 

1  Nietzki  and  Guitermann,  Bcr.  20,  1274. 

2  Jeanrenaud,  Ber.  22,  1275. 

3  Kaufmaun,  Bcr.  15,  804. 
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lustrous  needles,  which  melt  at  38°  and  pass  into  the  acid  on 
exposure  to  moist  air.  The  latter  forms  fascicular  groups  of 
needles,  melts  at  156°,  and  is  quickly  decomposed  by  boiling 
water  with  formation  of  phosphoric  acid,  carbon  dioxide  and 
/3-naphthol.1 

These  two  naphtholcarboxylic  acids  correspond  to  salicylic 
acid,  their  constitutions  being  represented  by  the  formulae 

OH  C02H 

I  I 

.C^C.CO.H  ,C=C.OH 

C6H/  |  C6H4/  J 

XCH— CH  XCH=CH 

a-j3-acid.  £-a-acid. 

j3-Hydroxy-(3-na]oMhoic  acid,  or  j3-Naphthol-(3-carboxylic  acid, 
is  obtained  by  heating  sodium  /3-naphthate  in  a  current  of 
carbon  dioxide,  the  reaction  taking  place  at  280 — 290°.  It 
crystallizes  from  water  in  beautiful,  lustrous,  yellow  rhombic 
plates,  which  are  sparingly  soluble  in  water,  readily  in  alcohol, 
and  melt  at  216°  without  decomposition.  Its  aqueous  solution 
gives  a  blue  colouration  with  ferric  chloride.  (Schmitt  and 
Burkhard). 

Its  methyl  ester  melts  at  73 — 76°,  and  is  readily  dissolved  by 
an  alkaline  hydroxylamine  solution,  but  undergoes  no  alteration. 

1  Rate,  Bcr.  22,  392. 
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DIMETHYLNAPHTHALENE  GROUP 

2689  1 :  ^-Dimethylnaphthalene,  C10H6(CH3)2,  was  first  obtained 
by  heating  santonin  and  its  derivatives  with  zinc  dust.1  It  is  also 
obtained  by  the  action  of  sodium  and  methyl  iodide  on  a  toluene 
solution  of  1  : 4-dibromonaphthalene,  and  is  an  oily,  strongly 
refractive  liquid,  having  a  slight  naphthalene  odour.  It  does 
not  solidify  at  —  18°,  and  boils  at  262 — 264°.  Its  picrate  crystal- 
lizes in  orange  needles  which  melt  at  139°  and  are  fairly  soluble 
in  hot  alcohol.2 

Dimethylnaphthalenes  also  occur  in  the  coal-tar  oils  boiling  at 
250 — 270°,  but  have  not  yet  been  obtained  pure.3 

Hydroxy  dimethylnaphthalene,  or  Dimethylnaphthol,  C10H5 
(CH3)2OH,  is  prepared  by  heating  santonious  or  isosantonious 
acid  above  360°  with  caustic  baryta,  and  is  also  formed, 
together  with  dimethylnaphthalene,  propylene,  and  probably 
xylene  when  santonic  acid  is  distilled  with  zinc  dust.  It  crystal- 
lizes in  lustrous  needles,  melts  at  135 — 136°,  and  commences  to 
sublime  at  100°.  Under  reduced  pressure  it  may  be  distilled 
without  decomposition.  It  is  very  sparingly  soluble  in  water, 
more  readily  in  alcohol,  and  still  more  easily  in  ether  and  in 
alkalis,  from  which  latter  solution  it  is  reprecipitated  by  carbon 
dioxide.  When  heated  with  an  excess  of  zinc  dust  it  is  con- 
verted into  dimethylnaphthalene. 

Dimethylnaphthol  methyl  ether,  C10H6(CH3)2OCH3,  is  formed 
by  heating  dimethylnaphthol  with  methyl  iodide,  methyl  alcohol, 
and  caustic  soda,  and  crystallizes  in  hard  prisms,  melting  at  68°. 
The  corresponding  ethyl  ether  is  a  viscous  liquid  which  does  not 
solidify  in  a  freezing  mixture. 

Dimethylnaphthyl   acetate,   C10H6(CH3)2O.C2H3O,  is  prepared 

1  Cannizzaro  and  Carnelluti,  Gazzetta,  12,  293  ;  Bcr.  12,  1547  ;  13,  1516  ;  15, 
426.  2  Giovanozzi,  Gazzetta,  12,  147. 

3  Emmert  and  Reingruber,  Annalcn,  211,  365. 
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by  boiling  dimethylnaphthol  and  acetic  anhydride  in  presence  of 
sodium  acetate,  and  crystallizes  in  small  plates  ■which  melt  at 
77—78°. 

Dimethyldihydronaphthol,  C10H7(CH3)2OH,  is  obtained,  together 
with  propionic  acid,  when  santonious  acid  is  heated  above  320° 
in  a  stream  of  carbon  dioxide  : 

.OH 
C10H8(CH3)2<  =  C10H7(CH3)2OH  +  C2H6.C02H. 

\C2H4.C02H 

At  the  same  time  ethyl  propionate,  dimethylnaphthol,  and 
dimethylnaphthalene  are  formed.  Dimethyldihydronaphthol 
crystallizes  from  alcohol  in  silky  needles,  which  melt  at  113°  and 
are  volatile  with  steam.  On  heating  with  sulphur  it  is  con- 
verted into  sulphuretted  hydrogen  and  dimethylnaphthol,  whilst 
with  phosphorus  pentasulphide  it  yields  water  and  dimethyl- 
naphthalene.1 


NAPHTHALENEDICARBOXYLIC    ACIDS, 

Ci0H6(CO2H)2. 

2690  1 :  l'-Naghtkalenedicarboxylic  acid,  C10H6(CO2H)2.  By 
the  oxidation  of  acenaphthene  with  chromic  acid,  Behr  and  van 
Dorp  obtained  a  dibasic  acid  of  the  composition  C12H804  which 
like  phthalic  acid  readily  yields  an  anhydride ;  on  distillation 
with  lime  it  was  found  to  yield  carbon  dioxide  and  naphthalene, 
showing  that  it  is  a  naphthalenedicarboxylic  acid,  whence  they 
gave  to  it  the  name  naphthalic  acid.2  It  is  also  formed  by  the 
oxidation  of  pyreneketone  3  (p.  362). 

Bamberger  and  Philip  showed  that  the  carboxyl-groups  occupy 
the  peri-position,,  by  preparing  it  synthetically  from  1  :  l'-nitro- 
napthoic  acid.  For  this  purpose  the  latter  was  converted  by 
reduction  into  the  hydrochloride  of  1  :  l'-amido-naphthoic  acid, 
the  requisite  quantity  of  sodium  carbonate  and  sodium  nitrite 
added  and  the  mixture  allowed  to  drop  into  dilute  sulphuric 
acid,  cooling  well  with  ice.     The  resulting   solution  of  diazo- 

1  Cannizzaro,  Gazzctta,  13,  385  ;   Her.  16,  2604. 

2  Annalen,  172,  263. 

3  Bamberger  and  Philip,  Annalen,  24.0,  ISO. 
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naphthoic  acid  was  slowly  poured  into  a  boiling  solution  of 
cupric  sulphate  and  potassium  cyanide,  the  cyanonaphthoic  acid 
thus  formed  being  at  once  converted  into  the  acid  by  boiling 
with  caustic  potash  solution.1 

It  separates  on  addition  of  acids  to  solutions  of  its  salts  as  a 
voluminous  precipitate,  consisting  of  microscopic  needles.  It 
is  scarcely  soluble  in  water,  sparingly  in  ether,  but  easily 
in  slightly-warmed  alcohol,  from  which  it  may  be  readily 
crystallized  if  the  latter  is  not  too  strongly  heated ;  if  the 
temperature  be  raised  too  high  the  acid  passes  into  the 
anhydride. 

Potassium  naphthalate,  C10H6(CO2K)2,  is  very  soluble  in  water, 
and  separates  on  evaporating  the  solution  in  vacuo,  partly  in 
needles,  and  partly  as  an  efflorescence  at  the  side  of  the  dish. 
If  alcohol  be  added  to  its  concentrated  solution,  lustrous  plates 
of  the  composition  C10H6(CO2K)2  +  C2H60  are  obtained.  The 
ammonium  salt  is  very  similar,  but  the  sodium  salt  is  precipitated 
as  a  white  powder  free  from  water  or  alcohol. 

Barium  naphthalate,  C10H6(CO2)2Ba  +  H20,  separates  in 
small  lustrous  plates  when  barium  chloride  is  added  to  a 
moderately  dilute  solution  of  an  alkali  salt ;  in  dilute  solution 
it  separates  only  on  standing,  unless  the  solution  be  warmed, 
when  immediate  separation  takes  place. 

Calcium  naphthalate,  C10H6(CO2)2Ca,  is  obtained  in  a  similar 
manner  as  spherical  crystalline  aggregates. 

Silver  naphthalate,  C10H6(CO2Ag)2,  is  a  heavy  white  floccular 
precipitate,  and  is  not  acted  upon  by  light. 

Methyl  naphthalate,  C10H6(CO2CH3)2,  is  prepared  by  heating 
the  silver  salt  with  methyl  iodide,  and  crystallizes  from  alcohol 
in  well-developed  prisms,  which  melt  at  102 — 103°. 

Naphthalic  anhydride,  C10H6(CO)2O,  is  formed  when  the  acid 
is  heated  at  100 — 150°,  and  sublimes  on  more  strongly  heating 
in  broad  zig-zag  plates;  it  is  also  obtained  by  boiling  an 
alcoholic  solution  of  the  acid,  and  crystallizes  out  on  cooling  in 
long  flat  needles,  which  melt  at  266°,  and  readily  dissolve  in 
alkalis,  forming  salts  of  the  acid.  It  is  unattacked  by  bromine 
and  concentrated  nitric  acid  even  on  heating,  but  dissolves  in 
cold  sulphuric  acid,  forming  a  yellow  solution  with  a  blue 
fluorescence,  and  on  warming  is  converted  to  a  certain  extent 
into  a  sulphonic  acid  ;  the  greater  portion,  however,  separates 
out  unaltered   on  addition  of  water.     The  constitution  of  the 

1  Ber.  20,  237. 
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anhydride  is  represented  by  the  formula  below,  which  accounts 
well  for  this  extreme  stability : 

0 

/\ 
CO    CO 

I     I 

c    c 


Naphthalimide,  C10H6(CO)2NH,  is  formed  when  the  powdered 
anhydride  is  boiled  with  concentrated  ammonia.  It  is  thus 
obtained  in  slender,  well-developed  prisms,  which  melt  over 
280°,  and  sublime  on  further  heating ;  it  is  sparingly  soluble  in 
hot  alcohol,  and  crystallizes  from  it  in  long  needles  and  from 
dilute  caustic  potash  in  thin  lustrous  prisms.  If  an  alcoholic 
solution  of  silver  nitrate  be  added  to  a  similar  solution  of 
naphthalimide  containing  ammonia  the  following  reaction  takes 
place  : 

2C12H7N02  +  Ag20  +  NH3  =  C2iH15Ag2N304  +  H20. 

The  constitution  of  the  compound  formed  is  represented  by  the 
formula  : 


.CO.NHAg 

\co, 

>NH 

xCO.NH.Ag 

Bromonaphthalic  acid,  C10H6Br(CO2H)2,  is  obtained  by  the 
oxidation  of  bromacenaphthene,  and  crystallizes  from  benzene 
in  beautiful  white  needles,  which  melt  at  210°,  and  readily  pass 
into  the  anhydride.  On  boiling  with  ammonia  it  is  converted 
into  the  imide,  C10H6Br(CO)2NH,  which  sublimes  in  yellow 
prisms,  melting  above  265°. 

Nitronaphthalic  acid,  C10H5(NO2)(CO2H)2,  is  formed,  together 
with  nitro-7-naphthoquinone,  by  the  oxidation  of  nitro- 
acenaphthene,  but  is  prepared  more  readily  and  with  a  larger 
yield  by  boiling  acenaphthene  with  nitric  acid  of  sp.  gr.  12. 
Nitronaphthalic    acid    crystallizes    in   slender    yellow   needles, 
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which  are  scarcely  soluble  in  alcohol  and  ether ;  it  dissolves  more 
readily  in  acetic  acid,  but  passes  then  into  the  anhydride, 
melting  at  220°. 

Dihydronaphthalic  acid,  C10H3(CO2H)2,  is  prepared  by  acting 
with  sodium  amalgam  on  a  boiling  solution  of  naphthalic  acid. 
The  product  is  extracted  with  ether,  which  removes  certain 
by-products  and  leaves  a  mixture  of  hydronaphthalic  and 
naphthalic  acids.  This  is  boiled  with  acetic  acid,  which  converts 
naphthalic  acid  into  the  anhydride,  and  a  mixture  of  the  latter 
and  hydronaphthalic  acid  separates  out  on  cooling.  A  very 
short  treatment  with  sodium  carbonate  solution  dissolves  out 
only  the  hydronaphthalic  acid,  which  may  then  be  precipitated 
with  hydrochloric  acid.  It  forms  a  crystalline  powder  which 
becomes  yellow  at  150 — 160°,  melts  with  frothing  at  199°,  but 
immediately  resolidifies  and  does  not  melt  again  even  at  275°, 
the  anhydride  and  other  products  being  formed.  It  differs  from 
naphthalic  acid  inasmuch  as  its  cold  alkaline  solution  instan- 
taneously reduces  potassium  permanganate.1 

2691  1  :  4>-N~aphthalenedicarboxylic  acid  is  prepared  from 
1  : 4-bromonaphthalenesulphonic  acid,  the  potassium  salt  of 
which  on  distillation  with  potassium  cyanide  yields  the 
1 : 4-nitrile  ;  this  crystallizes  in  yellow  needles,  melting  at  204°. 
The  acid  obtained  by  boiling  it  with  caustic  potash  is  practically 
insoluble  in  water,  and  is  precipitated  by  hydrochloric  acid  as 
a  white  scarcely  crystalline  mass.  If  it  is  dissolved  in  alcohol 
and  the  solution  after  dilution  with  water  evaporated,  it  is 
obtained  in  microscopic  needles,  which  do  not  melt  at  240°. 

Barium  1 :  4<-naphthalenedicarboxylate,  C10H6(CO2)2Ba  +  2H20, 
forms  granular  crystals  readily  soluble  in  water.2 

2 :  Z'-Naphthalencdicarboxylic  acid  is  prepared  from  the 
corresponding  disulphonic  acid  in  a  similar  manner  to  the 
1  : 4-acid.  The  intermediate  nitrile,  C10H6(CN)2,  sublimes  in 
long  needles,  and  melts  at  267—268°.  The  acid  is  most 
readily  obtained  from  it  by  boiling  with  caustic  potash  in  amyl 
alcoholic  solution,  which,  as  it  boils  at  a  higher  temperature 
than  alcoholic  potash,  causes  the  reaction  to  take  place  more 
quickly.  The  nitrile  may  also  be  decomposed  with  hydrochloric 
acid  at  200—210°,  and  separates  on  cooling  in  long,  spear-shaped, 
transparent  needles,  whilst  from  boiling  alcohol,  in  which  it  is 
sparingly  soluble,  it  crystallizes  in  slender  needles.     On  adding 

1  Anselm,  Ber.  22,  859. 

s  Darmstiidter  and  "Wichelliaus,  Annalen,  172,  309. 
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acids  to  solutions  of  its  salts  it  separates  as  a  jelly-like  precipitate, 
which  on  drying  falls  to  a  white  apparently  amorphous  powder. 
It  melts  considerably  above  300°  with  decomposition  and 
formation  of  naphthalene,  but  may  be  sublimed  by  careful 
heating  in  small  lustrous  cauliflower-shaped  masses.  Its  calcium 
salt,  C10H6(CO2)2Ca  +  4H20,  is  precipitated  by  calcium  chloride 
from  a  solution  of  the  ammonium  salt  in  small  needles,  only 
slightly  soluble  in  water. 

2  : 2' -Naphthalenedicarboxylic  acid  is  obtained  by  the  usual 
reactions  from  /3-naphthalenedisulphonic  acid.  Its  nitrile  differs 
only  from  the  a-compound  in  melting  at  296 — 297°.  The  acid 
crystallizes  in  short  needles,  and  otherwise  closely  resembles  the 
a-acid.  The  calcium  salt,  2G10H6(CO2)2Ca  +  7H20,  is  an  almost 
insoluble  precipitate  consisting  of  microscopic  needles.1 

Narccic  acid,  C15H15NOs  -f  3H20,  is  formed  when  narceine, 
one  of  the  opium  alkaloids,  is  dissolved  in  sulphuric  acid,  and 
carefully  oxidized  with  potassium  permanganate.  It  separates 
from  hot  water  in  small  lustrous  crystals  which  become 
anhydrous  at  110°,  is  a  tribasic  acid  and  decomposes  on 
heating  at  180 — 200°  into  carbon  dioxide,  dimethylamine,  and 
dihydroxynaphthalenedicarboxylic  acid. 

Dihydroxynaphthalenedicarboxylic  acid,  C10H4(O  H)9(C02H)2, 
sublimes  in  snow-white  feathery  aggregates  of  needles,  and  melts 
at  162°.  The  larium  salt,  C10H4(OH)2(CO2)2Ba  +  2H20,  is 
readily  soluble  in  water,  and  crystallizes  in  stellate  aggregates 
of  small  needles. 

When  the  acid  is  heated  for  a  long  time  with  hydriodic  acid 
and  amorphous  phosphorus,  it  is  converted  into  a  naphthalene- 
dicarboxylic  acid,  which  separates  from  its  alkaline  solution  on 
addition  of  hydrochloric  acid  as  a  fiocculent  precipitate,  melting 
at  250 — 253°.  On  heating  with  quicklime  it  is  converted  into 
carbon  dioxide  and  naphthalene.2 

Tetrahydronaphthalcnedicarboxylic  acid,  C10H10(CO2H)2.  To 
obtain  this  acid  an  alcoholic  solution  of  o-xylylene  bromide, 
ethyl  acetylenetetracarboxylate  (Pt.  II.,  p.  554)  and  sodium 
is  heated  to  130°,  and  the  resulting  ester  boiled  with  alcoholic 
potash : 

/3H2.C(C02C2H5)2 
C6H  /  |  +  6KOH  = 

\CH2.C(C02C2H5)2 

1  Ebert  and  Merz,  Bcr.  9,  604. 

3  Claus  and  Meixner,  /.  Pr.  C'hem.  II.  37,  1- 
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,CH2.CH.COOH 
\CH,.CH.COOH 


C6H  /  |  +  4C2H5.OH  +  2K2C03. 


"-2- 


The  acid  is  precipitated  from  solutions  of  its  salts  as  a  crys- 
talline precipitate  consisting  of  rhomboidal  tablets,  which  are 
very  sparingly  soluble  in  cold  water,  but  readily  in  hot  water 
and  alcohol.  The  silver  salt  when  first  prepared  is  amorphous, 
but  quickly  becomes  crystalline,  and  decomposes  on  heating 
with  formation  of  the  anhydride  and  naphthalene  : 

/CH2.CH.COOAg 

\CH2.CH.COOAg 

/CH:CH  /CH2.CH.C(X 

C6H4<  |     +C6H4<  |  >0  +  4Ag  +  2C02  +  H20 

\CH:CH  \CH2.CH.C(K 

The  anhydride  may  also  be  readily  obtained  by  heating  the 
acid  to  199°,  and  is  readily  soluble  in  alcohol,  sparingly  in  ether, 
but  crystallizes  from  the  latter  in  exceptionally  large  prisms. 
It  melts  at  184°,  sublimes  on  stronger  heating,  and  is  readily 
soluble  in  hot  caustic  soda  solution,  with  re-formation  of  the 
acid.  When  its  vapour  is  passed  through  a  red-hot  tube, 
naphthalene  is  formed  in  considerable  quantity.1 

1  Baeyer  and  Perkin,  Ser.  17,  448. 
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ETHYLNAPHTHALENE    GKOUP. 

2692  a-Ethylnaplitlialcne,  C10H7.C2H6,  is  formed  by  the  action 
of  sodium  on  a  mixture  of  a-bromonaphthalene  and  ethyl 
bromide,  and  is  a  strongly  refractive  liquid  boiling  at  256 — 259°. 
Its  picrate  crystallizes  in  orange-yellow  needles,  melting  at  139°. 
It  is  converted  by  bromine  into  tribromethylnaphthalene,  C10H4 
Brs.C2H5,  which  crystallizes  from  ether  in  slender  needles, 
melting  at  1270.1 

/S-Ethylnaphihalcnc  is  obtained  in  a  similar  manner  from 
/9-bromonaphthalene,  or  by  the  action  of  aluminium  chloride  or 
bromide  on  a  mixture  of  ethyl  chloride  or  bromide  and  naphtha- 
lene.2 It  is  a  liquid  which  boils  at  250 — 251°  and  solidifies  at 
—  19°  (Brunei).  Its  picrate  forms  slender  yellow  needles,  melting 
at  69°. 

fi-Ethylnaphthol,  C10He(C2H6)OH,  was  obtained  by  Marchetti 
by  warming  /3-ethylnaphthalene  with  sulphuric  acid  and  fusing 
the  resulting  sulphonic  acid  with  potash.  It  is  scarcely  soluble 
in  water,  but  crystallizes  from  alcohol  in  small  silvery  plates, 
which  melt  at  98°. 


Naphthylacetyl-Compotjnds. 

2693  a-Naphthylacctic  and,  C10IT7.CH2.CO2H,  is  prepared  by 
heating  naphthylformic  acid,  C10H7.CO.CO2H,  with  hydriodic 
acid  and  a  little  amorphous  phosphorus  at  160°.  It  is  sparingly 
soluble  in  cold,  readily  in  hot  water,  from  which  it  crystallizes 
in  long  silky  needles,  melting  at  131°. 

a-Naphthylacetamidc,  C10H7.CH2.CO.]NiH2.  To  prepare  this 
compound,   naphthylacetic    acid    is   treated   with    phosphorus 

1  Fittig  and  Remsen,  Annalcn,  155,  112  ;  Carnelutti,  Her.  13,  1671. 

2  Marchetti,  Gazzetta,  H,  265,  439;  Brunei,  Bcr.  17,  1179  ;  Roux,  Ann. 
Chim.  Phys.  VI.  12,  289. 
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pentachloride,  which  converts  it  into  naphthylacetyl  chloride,  and 
the  latter,  after  removing  the  phosphorus  oxychloride  by  distilla- 
tion, treated  with  ammonium  carbonate.  It  crystallizes  from 
boiling  alcohol  in  beautiful  rosette-shaped  aggregates  of  needles, 
melting  at  180 — 181°.  On  heating  it  with  phosphoric  anhydride 
it  yields  naphthylacetonitrile,  C10H7.CH2CN,  as  an  oily  liquid, 
which  boils  above  300°. 

a-Naphthyletlienyldiphenyldiamine,  C10H7.CH2:C(N.C6H6)NH. 
C6H5,  is  formed  by  the  action  of  phosphorus  trichloride  on  a 
mixture  of  naphthylacetic  acid  and  aniline  : 1 

3C10H7.CH2.CO2H  +  6C0H5.NH2  +  2  PC13  = 

3C10H7CH2.Cf  +  P(OH)3  +  6HC1. 

\NH.C6H5 

It  crystallizes  from  dilute  alcohol  in  beautiful  needles,  melting 
at  130-5°. 

a-Naphthylglycollic  acid,  C10H7.CH(OH).CO2H,  is  prepared 
by  triturating  a-naphthoic  aldehyde  with  potassium  cyanide  and 
a  little  water,  cooling  the  paste  with  ice  and  adding  concentrated 
hydrochloric  acid  drop  by  drop  with  constant  stirring.  The 
nitrile  thus  obtained  is  an  oily  liquid,  and  is  converted  into  the 
acid  by  allowing  it  first  to  stand  with  hydrochloric  acid  at  the 
ordinary  temperature  and  finally  heating  to  the  boiling-point. 
a-Naphthylglycollic  acid  crystallizes  from  concentrated  aqueous 
solution  in  colourless  rosette-shaped  aggregates  of  needles, 
melting  at  80— 81°.2 


Naphthylmethyl-Compounds. 

2694  a-Naphthylmethylketone oTAcctonaz>ht7ionc,C1QH.rCO.CTl3, 
is  formed  by  adding  acetyl  chloride  to  a  light  petroleum  solution 
of  naphthalene,  and  then,  gradually,  aluminium  chloride  with 
frequent  agitation  ; 3  or  the  latter  may  be  covered  with  carbon 
bisulphide,  and  the  calculated  quantity  of  acetyl  chloride  and 
naphthalene  gradually  added.4     It  is  a  yellowish,  almost  colour- 

1  Boessneck,  Ber.  16,  639.  2  Brandis,  Ber.  22,  2151. 

3  Pampel  and  Schmidt,  Ber.  19,  2896. 
*  Clans  and  Feist,  Ber.  19,  3180. 
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less  liquid,  which  boils  at  295 — 297°,  and  solidifies  when  strongly 
cooled  to  a  crystalline  mass,  and  after  being  well  pressed 
melts  at  34°.  The  oxime,  C10H7.C(NOH).CH3,  melts  at  145°, 
and  the  hydrazone,  C10H7(C  :N2H.C6H,)CH3,  crystallizes  from 
carbon  bisulphide  in  slightly  yellowish-red  needles,  melting 
at  137°. 

On  oxidation  with  potassium  permanganate  in  the  cold,  the 
ketone  is  converted  into  a-naphtoylformic  acid,  but  at  a  higher 
temperature  it  yields  a-naphthoic  acid. 

a-Naphtoylmethyl  bromide,  C10H7.CO.CH2Br,  is  obtained  by 
acting  with  bromine  on  a  solution  of  the  ketone  in  carbon 
bisulphide,  and  is  a  liquid  with  a  slightly  pungent  smell. 

a-Naphtoyhncthyl  thiocyanate,  C10H7.CO.CH2.SCN,  is  formed 
by  the  addition  of  an  alcoholic  solution  of  potassium  thiocyanate 
to  the  bromide,  and  separates  on  addition  of  water  in  iridescent 
crystals. 

a-ffydroxynaphthyl-a-methyUcetone!OT4<-Accto-l-naphthol,C10H.6 
(OH)CO.CH3,  is  prepared  by  the  action  of  sulphuric  acid  on  an 
acetic  acid  solution  of  a-naphthol.  It  crystallizes  from  alcohol 
in  needles,  and  from  benzene  in  beautiful,  pale-green,  six-sided 
prisms,  which  melt  at  103°,  and  dissolve  in  sulphuric  acid,  form- 
ing an  orange-yellow  coloured  solution,  which  is  reprecipitated 
by  the  addition  of  water.  It  gives  colouring  matters  with  diazo- 
compounds  resembling  those  obtained  from  a-naphthol,  but 
which  have  a  yellower  tinge.  When  the  warm  alkaline  solution 
is  mixed  with  o-nitrobenzaldehyde  it  assumes  a  deep  reddish- 
brown  colour,  and  acids  then  precipitate  beautiful  orange-yellow 
flakes. 

On  cooling  the  yellow  alkaline  solutions  of  acetonaphthol, 
or  on  addition  of  sodium  chloride,  the  salts  separate  in 
large  citron-yellow  needles,  which  are  decomposed  by  carbon 
dioxide. 

a-Hydroxynaphthyl-a-mcthylketoxime,  C10H0(OH)C(NOTI).CH3, 
is  obtained  by  adding  hydroxylamine  to  an  alkaline  solution  of 
the  ketone,  and  crystallizes  from  dilute  alcohol  in  long  yellowish 
needles,  which  melt  with  decomposition  at  168 — 170°. 

a-Hydroxynaphthyl  a-methylhetonimide,  C10H6(OH)C(NH)CH3, 
is  formed  when  acetonaphthol  is  heated  with  alcoholic  ammonia 
at  180 — 200°,  and  crystallizes  from  alcohol  in  long  golden-yellow 
spear-shaped  crystals;  it  is  readily  reconverted  by  acids  and 
alkalis  into  the  ketone.1 

1  Witt,  Ber.  21,  231. 
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a-IFydroxynapht]iyl-f3-methyllcetone,  or  3-Aceto-l-na/phthol,  is 
prepared  by  the  distillation  of  benzylidenelevulinic  acid  : 

.CH :  C.CO.CH3  .CH  :  C.CO.CH3 

C6H/  I  =  C6H4<;  I  +  H20. 

CO-CH,  \G=CH 

I  I 

OH  OH 

It  crystallizes  from  acetic  acid  in  long  yellowish-brown  needles, 
melts  at  168°,  and  dissolves  with  difficulty  in  water,  forming 
a  yellowish-coloured  solution.  Its  hot  benzene  solution  is 
golden-yellow,  and  on  cooling  becomes  yellowish-green  or  pale- 
green.  o-Nitrobenzaldehyde  gives  no  colouration  with  its 
alkaline  solution,  and  towards  alkalis  it  behaves  in  the  same 
manner  as  the  4  : 1  compound.  Its  oxime,  obtained  by  boiling  a 
solution  of  the  sodium  salt  with  hydroxylamine  hydrochloride, 
crystallizes  from  dilute  alcohol  in  colourless  prisms,  which  melt 
at  174— 1750.1 

Sodium  S-aceto-1-naphthate,  C10H6(ONa)CO.CH3,  crystallizes 
from  its  deep  golden-yellow  solution  in  yellow  plates  on  addition 
of  sodium  chloride.  Its  aqueous  solution  gives  the  a-naphthol 
reaction  with  1  : 4-diazonaphthalenesulphonic  acid,  and  forms 
deep-blue  indophenols  with  quinone  chlorimide. 

Z-Aceto-1-napUhyl  acetate,  C10H6(OC2H3O)CO.CH3,  is  formed 
by  boiling  3-aceto-l-naphthol  with  acetic  anhydride,  and  crystal- 
lizes in  compact  colourless  needles,  melting  at  108 — 109°. 


Naphthoylformyl  Compounds. 

2695  a-NapMhoylformonitrile,  C10H7.CO.CN,  is  prepared  by 
heating  a-naphthoyl  chloride  with  mercuric  cyanide  for  ten 
hours  on  the  water-bath.  The  product  is  extracted  with  water 
and  then  with  ether,  and  the  latter  extract,  after  evaporating  off 
the  ether,  fractionated  under  diminished  pressure.  The  nitrile 
thus  obtained  crystallizes  from  ether  in  beautiful  yellow  needles, 
melts  at  101°,  and  boils  at  230°  under  85  mm.  pressure. 
On  boiling  with  water  or  alkalis  it  decomposes  into  a-naphthoic 
acid  and  hydrocyanic  acid,  but  when  allowed  to  remain  with  an 
acetic  acid  solution  of  hydrogen  chloride  it  is  converted  into 
naphthylformamide.2 

1  Erdmann,  Ber.  21,  635  ;  Annalcn,  254,  197. 

2  Boessneck,  Ber.  15,  3064. 
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a-Naphthoylforniic  acid,  or  Naphihylglyoxylic  acid,  Cl0H7.CO. 
COOH,  is  obtained  by  boiling  the  amide  with  hydrochloric  acid, 
and  also,  as  already  mentioned  (p.  328),  by  the  oxidation  of 
a-naphthylmethylketone  with  a  cold  solution  of  potassium 
permanganate.1  It  is  readily  soluble  in  water  and  alcohol, 
sparingly  in  light  petroleum,  and  crystallizes  in  slender  needles, 
melting  at  1135".  When  its  solution  is  shaken  with  sulphuric 
acid  and  benzene  containing  thiophen,  a  brown  colouration  is 
formed,  and  on  addition  of  water  the  benzene  assumes  a  beauti- 
ful crimson  colour.  When  a  solution  of  the  acid  is  made 
slightly  alkaline  and  reduced  with  sodium  amalgam  naphthyl- 
glycollic  acid  is  formed. 

Calcium  naphthoylformatc,  2(C]2H703)2Ca+9H20,  forms 
crystalline  crusts,  and  is  much  more  soluble  in  hot  than  in  cold 
water. 

a-Naphthoylformamide,  C10H7.CO.CONH2,  crystallizes  from 
alcohol  in  long  white  needles,  melting  at  151°. 

1  Claus  and  Feist,  Ber.  19,  3180. 
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DEEIVATIVES  OF  NAPHTHALENE  CONTAINING 
MOEE  THAN  TWELVE  CARBON  ATOMS. 

2696  (3-IsopropylnapJithalcne,  C10H7.C3H7,  is  formed  when 
aluminium  chloride  is  gradually  added  to  a  heated  mixture  of 
naphthalene  and  propyl  bromide.  It  is  a  strongly  refractive 
liquid,  which  has  an  aromatic  smell,  boils  at  265°,  and  is  oxidized 
by  boiling  dilute  nitric  acid  to  /3-naphthoic  acid.  Its  picrate 
crystallizes  in  slender  yellow  needles,  and  melts  at  89 — 90'.1 
(Cf.  Pt.  V.,  p.  288). 

/3-Isolutylnaphthalene,  C10H7.C2H3(CH3)2,  is  obtained  in  a 
similar  manner  from  isobutyl  chloride,  and  forms  a  colourless 
liquid  boiling  at  280°,  whose  picrate  crystallizes  in  yellow 
needles,  melting  at  96°.2 

a-Amylnaphthalene,  C10H7.C3H5(CH3)2.  Leone  obtained  this 
hydrocarbon  by  acting  on  a  mixture  of  amyl  bromide  and 
a-bromonaphthalene  with  sodium.  It  boils  at  303°,  and  forms 
a  picrate  crystallizing  in  slender  citron-yellow  needles,  which 
melt  at  85— 90°.3 

ft-Amylnaphthalcne  was  prepared  by  Roux  by  the  aluminium 
chloride  method  from  naphthalene  and  amyl  chloride.  It  is 
an  aromatic  smelling  liquid,  which  boils  at  288 — 292°,  and 
yields  /3-naphthoic  acid  on  boiling  with  dilute  nitric  acid.  Its 
picrate,,  like  that  of  the  a-compound,  crystallizes  in  citron- 
yellow  needles,  and  melts  at  110°. 

Zapachoic  acid,  C15H1403.  This  name  was  given  to  the 
colouring  matter  of  the  South  American  lapacho  wood  by 
Paterno,  who  also  showed  its  identity  with  taiguic  acid, 
obtained  by  Arnaudou  from  the  taigu  wood  of  Paraguay.4     The 

1  Roux,  Ann.  CHm.  Pkys.  VI.  12,  289. 

2  Wegscheider,  Monatsh.  5,  236. 

3  Gazzctta,  12,  209  ;  Ber.  15,  2236. 
♦  Compt.  Rend.  46,  1154. 
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latter,  like  the  lapacho  wood,  is  derived  from  a  species  of  Tecoma, 
belonging  to  the  family  of  the  Bignoniaca?.  It  is  very  hard,  resists 
the  action  of  moisture  very  well,  and  takes  a  very  high  polish. 
It  is  used  for  the  purpose  of  dyeing  cotton  wool  an  orange 
colour,  the  wool  being  boiled  with  a  solution  of  potassium 
carbonate,  dipped  into  a  bath  of  the  colouring  matter,  and  fixed 
in  a  dilute  acid  bath.  According  to  Stein,  taiguic  acid  is  also 
identical  with  Groenhartin,  which  was  obtained  by  de  Vry  in 
an  attempt  to  prepare  bebireene.  The  latter  alkaloid  is  chiefly 
found  in  the  wood  known  as  Greenheart  {Nectandra  Rodiaci), 
whilst  the  wood  from  Surinam,  known  in  Holland  by  the 
similar  term,  Groenhart,  contains  the  above  colouring  matter 
in  place  of  bebireene.1  The  latter  is  probably  the  wood  of 
Bignonia  leuhoxylon,  which  also  occurs  in  commerce  under 
the  name  Greenheart.2  Lapachoic  acid  has  also  been  found 
by  Greene  and  Hooker  3  in  Bethabarra  wood,  which  is  obtained 
on  the  West  Coast  of  Africa,  and  shipped  to  America  for  the 
manufacture  of  bows  and  fishing-rods. 

For  the  preparation  of  lapachoic  acid  the  wood  is  boiled  with 
soda,  the  extracts  precipitated  with  hydrochloric  acid  and  taken 
up  with  ether,  which  leaves  behind  resinous  matter.  After 
evaporating  off  the  ether  the  residue  is  recrystallized  from 
benzene.  It  crystallizes  in  small,  well  developed  yellow  mono- 
symmetric  prisms,  which  are  readily  soluble  in  hot  alcohol,  and 
crystallize  out  ou  cooling  in  thin  tablets,  melting  at  138°.  It 
dissolves  in  alkalis  and  alkaline  carbonate  solutions  with  a 
beautiful  red  colour,  whilst  with  sulphuric  acid  it  gives  a  blood- 
red  colouration. 

Ammonium  lapachoatc,  C15H1303.NH4,  crystallizes  in  brick- 
red  needles,  which  readily  lose  ammonia. 

Sodium  lapachoate,  C15H1303Na  +  5H20,  is  a  deep-red  radial 
crystalline  mass,  which  is  readily  soluble  in  water,  more 
sparingly  in  alcohol. 

Calcium  lapachoatc,  2(C15H1303)2Ca  +  3H20,  is  a  brick-red 
precipitate,  which  on  boiling  becomes  a  brown  granular  powder. 

Barium  lapachoate,  (C15H1303)2Ba+7H20,  is  very  sparingly 
soluble  in  boiling  water,  and  crystallizes  out  on  cooling  in  long, 
very  slender  blood-red  needles. 

Lead  lapachoate,  (C15H1303)2Pb,  is  an  orange-red  precipitate, 

1  J.  Pr.  Chem.  99,  1. 

2  Wiesner,  Rohstoffe  des  Pflanzenrcichcs,  589. 

3  Am.  Chem.  Journ.  U   267. 
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which  is  somewhat  soluble  in  boiling  alcohol,  and  crystallizes 

from  it  in  small  brown  needles. 

Silver  lapachoate,  C15H1303Ag,  is  a  scarlet  precipitate. 
Aniline    lapachoate,    C15H10O3.CaH5.NH2,     crystallizes    from 

water  in  small  orange-yellow  prismatic  needles,  which  melt  at 

121—122°. 

Acetyllapachoic  acid,  C15H13(O.C2H30)03,  is  formed  by  heating 

the  acid  with  acetic  anhydride,  and  crystallizes  from  alcohol  in 

short  sulphur-yellow  prisms,  melting  at  82 — 83°. 

If  lapachoic  acid  be  treated  with  zinc  dust  in  alkaline  solution, 

it  is  converted  into  hydrolapachoic  acid.  The  latter  separates 
on  addition  of  hydrochloric  acid  in  colourless  crystals,  which  are 
quickly  oxidized  in  the  air,  lapachoic  acid  being  re-formed. 

On  warming  lapachoic  acid  with  nitric  acid  of  sp.  gr.  T3S  a 
vigorous  reaction  takes  place,  and  a  large  quantity  of  phthalic 
acid  is  formed.  When  heated  with  zinc  dust  it  yields  naphtha- 
lene and  a  hydrocarbon  boiling  at  250°,  and  melting  at  a  lower 
temperature  than  naphthalene  ;  volatile  hydrocarbons  which  are 
absorbed  by  bromine  are  also  formed,  dibromides  boiling  at 
149_152°,  and  at  217—222°  being  obtained.  The  former  has 
the  composition  C4H8Br2,  and  is  probably  isobutylene  bromide. 

When  lapachoic  acid  is  heated  with  hydriodic  acid  and 
amorphous  phosphorus  it  yields  large  quantities  of  a  hydro- 
carbon, C15H18,  which  boils  at  304 — 306°,  and  forms  a  picrate 
crystallizing  in  large  orange-red  needles,  and  melting  at  140 — 
141°.  Paterno  regarded  this  as  an  amylnaphthalene  and 
concluded  therefore  that  lapachoic  acid  is  amylenehydroxy- 
naphthoquinone,  (CH3)2.CH.CH :  CH.C10H4O2(OH).  This  hydro- 
carbon is  not  identical  with  either  of  the  amylnaphthalenes 
described  above,  but  may  contain  normal  amyl  or  pentyl. 

lapachon,  C15HM03,  is  isomeric  with  lapachoic  acid,  and  is 
formed  by  dissolving  the  latter  in  sulphuric  acid  and  repre- 
cipitating  with  water.  It  crystallizes  from  alcohol  in  flat, 
orange-red,  silky  needles,  melts  at  155 — 156°,  and  is  insoluble 
in  cold  caustic  potash  solution.  When  heated  with  acetic 
anhydride  and  sodium  acetate  a  green  solution  is  formed  from 
which  brown  tablets  with  a  blue  surface  lustre  separate.  These 
appear  golden-yellow  in  transmitted  light,  and  yield  an  indigo- 
blue  powder  with  a  cupreous  lustre,  and  though  scarcely  soluble 
in  alcohol  and  ether  impart  to  both  liquids  a  sky-blue  colour. 

Paterno  gave  to  lapachon  the  formula  C30H28O6,  but  Greene 
and  Hooker  found  that  the  molecular  weight  as  determined  by 
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Raoult's  method  agrees  with  the  simpler  formula.  It  likewise 
behaves  as  a  quinone,  and  its  constitution  is  derived  from 
that  of  the  following  compound.1 

Hydroxyhydrolapachoic  acid,  C15H1604,  is  obtained  by  dissolving 
lapachon  in  hot  caustic  potash  solution  : 

C10H4O2^      2\CH.C3H7  +  KOH  = 
^CH2.CH(OH).C3H7 


CioH402< 


^OH 


Acetic  acid  precipitates  it  from  the  deep-red  solution  as  a  reddish 
oil,  which  solidifies  to  a  yellow  crystalline  mass.  It  is  readily 
soluble  in  alcohol  and  acetic  acid,  and  separates  on  concentrating 
the  solution  in  large  crystals,  melting  at  125°. 

The  barium  salt  crystallizes  with  one  molecule  of  water  in 
orange-red  needles,  and  the  silver  salt  in  dark -brown  needles, 
which  likewise  contain  one  molecule  of  water  of  crystallization. 

When  the  salts  are  treated  with  hydrochloric  acid  the  hydroxy- 
acid  first  formed  splits  up  more  or  less  completely  into  water 
and  lapachon.  The  latter  is  also  formed  in  all  probability  in  a 
similar  manner  from  lapachoic  acid,  the  elements  of  water  being 
first  added  and  then  again  eliminated. 

Lapachoic  acid  and  lapachon  appear  to  be  derivatives  of  j3- 
naphthoquinone,  as  the  aqueous  solution  of  the  latter  gives 
with  a  few  drops  of  caustic  soda  solution  a  dark -red  colouration 
which  disappears  when  the  liquid  is  shaken  in  presence  of  air. 

2697  a-Naphthylpropionic  acid,  C10H7.C2H4.CO2H,  is  formed 
by  the  action  of  sodium  amalgam  and  water  on  naphthylacrylic 
acid,  and  crystallizes  from  alcohol  in  small  needles,  melting  at 
148°,  and  fairly  soluble  in  water. 

a-Naphthyl-fi-lromopropionic  acid,  C10H7.CHBr.CH2.CO2H,  is 
formed  by  heating  naphthylacrylic  acid  to  100°  with  a  saturated 
acetic  acid  solution  of  hydrogen  bromide,  and  crystallizes  from 
chloroform  in  needles,  which  melt  at  216°.  It  is  decomposed  by 
sodium  carbonate  solution  with  formation  of  a-naphthylcthylcnc,  or 
-naphthalenestyrolenc,  C10H7.CH— CH2,  which  strongly  resembles 
styrolene  but  has  a  fainter  smell.  It  yields  a  dibromidc  which 
crystallizes  from  chloroform  in  small  tablets,  and  melts  at  168°. 

a  -  Naphthylclibromopropionic  acid,  C10H7.C2H2Br2.CO2H,  is 
1  -Sen  22,  1721. 
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formed  by  the  combination  of  bromine  and  naphthylacrylic 
acid,  and  crystallizes  from  chloroform  in  colourless  transparent 
plates,  melting  at  189°  (Brandis). 

a-NapMhylacrylic  acid,  or  Naphthocinnamic  acid,  C10H7.CH— 
CH.C02H,  is  prepared  by  heating  a-naphthoic  aldehyde  with 
acetic  anhydride  and  sodium  acetate  at  160 — 180°.  It  crys- 
tallizes from  alcohol  in  needles  which  dissolve  with  difficulty 
in  water,  but  readily  in  ether,  melt  at  211 — 212°,  and  are  not 
easily  volatilized.1  Its  calcium  salt  crystallizes  from  hot  water  in 
lustrous  transparent  plates,  very  sparingly  soluble  in  cold  water. 

a  -  HydroocynapMhylacrylic  acid,  or  a-Naphthocoumario  acid, 
C10H6(OH)C2H2.CO2H.  When  hydroxynaphthoic  aldehyde  is 
heated  with  acetic  anhydride  and  sodium  acetate  at  180°,  it  is 
converted  into  a-naphihocouviarin,  C13H802,  which  has  the 
following  constitution : 

.,-0 CO 


^,CH=CH 


It  crystallizes  in  felt-like  aggregates  of  needles,  which  have  a 
vitreous  lustre,  melt  at  118°,  and  are  very  sparingly  soluble  in 
hot  water,  but  readily  in  alcohol.  Its  aqueous  solution  shows  a 
bluish  fluorescence,  and  evolves  a  slight  odour  on  warming  re- 
sembling that  of  coumarirj.  It  dissolves  in  hot  dilute  caustic 
potash  forming  a  yellow  solution,  but  is  reprecipitated  by  acids. 
If  however  it  be  heated  with  concentrated  potash  at  170°,  it  is 
converted  into  a-naphthocoumaric  acid,  which  is  precipitated  by 
acids  as  a  crystalline  powder,  melting  at  170°,  scarcely  soluble 
in  water,  but  readily  in  alcohol.2 

P-NaptJiocoitmarin  is  prepared  by  heating  /3-naphthol  with 
malic  and  sulphuric  acids  : 

/CH=C.OH       CH2.COOH 

C6H,<  I  +   I 

\CHzr:CH  CH(OH).COOH 

CH=CH— CO 

I  I 

Q Q Q 

C.H/       "  I  +  C02  +  3H20. 

\CH=CH 

1  Lugli,  Gazzetta,  11,  393  ;  Brandis,  Ser.  22,  2153. 
8  Kauffmann,  Mr.  16,  683. 
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It  crystallizes  from  dilute  alcohol  in  needles,  melting  at 
1410.1 

fi-Naphthomcthylconmarin,  CuH10O2,  is  obtained  by  the 
action  of  sulphuric  acid  on  a  mixture  of  /3-naphthol  and  ethyl 
acetoacetate : 

C10H7OH  +  CH3.CO.CH2.C02C2H5  = 

/O CO 

C10H6/  |      +  H20  +  C2H6.OH. 

XC(CH3):CH 

It  crystallizes  from  dilute  alcohol  in  lustrous  white  needles, 
melts  at  161 — 162°,  and  dissolves  in  sulphuric  acid  with  a 
uranium-green  fluorescence.2 

Naphthalenetctracarboxylic  acid,  C10rI4(CO2H)4,  is  formed  by 
oxidizing  pyrenic  acid  (p.  362)  with  an  alkaline  solution  of 
potassium  permanganate. 


Ho.oa  .CH 

NQ     II  ' 

HO.OC/    lu    *\co/ 


C10II  /        ^CH  +  50 


HO.OCv  /COOH 

>C10H  /  +  C02. 

HO.OCK  \COOH 

It  is  precipitated  by  hydrochloric  acid  from  solutions  of  its  salts 
in  broad-pointed  lustrous  plates  or  spear-shaped  needles,  re- 
sembling the  crystals  of  benzoic  acid,  and  is  moderately 
soluble  in  hot  water,  very  sparingly  in  alcohol.  It  is  not 
attacked  by  bromine  or  hot  sulphuric  acid,  and  nitric  acid  even 
on  heating  neither  oxidizes  it  nor  converts  it  into  a  nitro- 
compound. On  heating  with  quicklime  it  is  resolved  into 
carbon  dioxide  and  naphthalene. 

A?nnioniumnaphthalenetetracarboxylate,G10Hi(CO2NB.i)i,crys- 
tallizes  in  beautiful  silky  needles,  readily  soluble  in  water. 

Barium  naphthalenetetracarboxylate,  C10H4(CO2)4Ba2,  is  a 
heavy  crystalline  precipitate,  which  is  very  hygroscopic  and 
becomes  electrified  when  rubbed. 

Naphthalenetetracarboxylic  anhydride,  O(CO)2.C10H4(CO)2O,  is 
formed  when  the  acid  is  gradually  heated ;  if  the  heating  be 

1  Pechmann  and  "Welsh,  Ber.  17,  1646. 
a  Pechmann  and  Cohen,  Ber.  17,  2190. 
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carried  out  too  quickly  lower  carboxylic  acids  of  naphthalene 
are  formed.  It  is  also  obtained  by  recrystallizing  the  acid  from 
acetic  acid,  or  by  heating  the  latter  Avith  concentrated  nitric 
acid  at  160°,  and  crystallizes  out  on  cooling  in  beautiful  glassy 
prisms,  whilst  from  acetic  acid  it  separates  in  small  white 
needles.  "When  heated  above  300°  it  sublimes  in  long  lustrous 
needles. 

Naphthalenetetracarboxylic  imide,  NH(CO)2C10H4(CO)2NH,  is 
prepared  by  dissolving  the  anhydride  in  warm  ammonia,  and 
quickly  separates  either  in  fascicular  aggregates  of  microscopic 
straw-yellow  needles,  or  in  aggregates  of  cross-shaped  prisms. 
It  sublimes  on  heating  above  270°  in  small  yellow  needles, 
and  dissolves  in  caustic  soda  with  a  lemon-yellow  colour,  the 
sodium  compound  being  formed.  This  is  insoluble  in  con- 
centrated alkali,  but  dissolves  on  addition  of  boiling  water,  and 
crystallizes  out  on  cooling  in  lemon-yellow  needles.  In  moist 
air,  or  on  boiling  with  water  it  is  reconverted  into  the  imide, 
which  is  attacked  with  great  difficulty  by  boiling  caustic  soda 
solution,  reforming  a  very  small  quantity  of  the  acid. 

Naphthalenetetracarboxylic  acid  contains  at  least  two  car- 
boxyl-groups  in  the  peri-position,  for  pyrenic  acid  is  converted 
on  heating  into  pyreneketone,  and  this  is  oxidized  by  potassium 
permanganate  to  naphthalic  acid  (p.  320). 

CinH6<        >CH  +  50  =  C10H  /  +  CO,. 

MXK  \COOH 


^io-"- 


It  is  extremely  probable  that  the  second  pair  also  occupies  the 
peri-position,  as  both  pairs  behave  exactly  alike  in  every  respect, 
no  reaction  having  as  yet  been  found  which  is  confined  to  one 
pair.  The  stability  of  the  imide  towards  alkalis  also  agrees 
with  this  supposition,  as  other  compounds  containing  a  ring  of 
four  carbon  atoms  and  one  nitrogen  atom  behave  in  a  similar 
manner.1  The  constitutions  of  naphthalenetetracarboxylic  acid 
and  its  imide  are  therefore  represented  by  the  following 
formula?  : 

H0.0C/~"NC0.0H  /c°-\      /-C0\ATTI 

\     /  HN<  >— <  >NH. 

HO.OC^     ^CO.OH  \cO-/_\-CO/ 

1  Bamberger  and  Philip,  Annalcn,  240,  H7     Her.  20,  365. 
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Santonin,  C15H1803. 

2698  The  anthelmintic  properties  of  certain  varieties  of 
Artemisia  have  been  known  for  many  ages.  Thus  Dioscorides 
mentions  Ayfrlv6iov  daXdcrcriov  or  aipifyov,  which  grew  in  Asia 
Minor,  and  whose  seeds,  taken  in  honey,  were  employed  as  a 
remedy  for  Ascarides  and  intestinal  worms.  The  kind  found  in 
the  country  of  the  Santones,  in  Gaul,  and  termed  therefore 
'A^tv6tov  aavToviov  was  found  to  possess  similar  properties. 
Pliny  mentions  also  various  kinds  of  absinthium,  such  as 
Santonicum  and  Absinthium  marinum}  Alexander  Trallianus, 
a  physician  who  lived  in  Eome  in  the  sixth  century,  likewise 
recommends  a  decoction  of  ffaXacraia  atycrivOia  as  a  vermifuge, 
whilst  Serapion  Damascenus,  of  Baalbek,  who  lived  in  the  ninth 
or  tenth  century,  states  that  the  seeds  of  the  herb  Sandonica 
are  more  active  towards  worms  than  wormwood. 

The  worm  seeds,  semen  contra  vermes,  lumbricorum  semen,  are 
frequently  mentioned  in  later  times ;  the  Italians  termed  them 
semenzina,  the  diminutive  of  semenza,  from  which  was  derived 
the  officinal  name  semen  cincc.  It  was  usually  reckoned  as  an 
Indian  product,  but  probably  came  to  the  latter  from  Central 
Asia.  At  the  end  of  the  seventeenth  century,  it  was  shown  by 
Paul  Hermami,  of  Leyden,  that  it  does  not  really  consist  of  seeds> 
but  of  the  unexpanded  flower-heads. 

The  worm  seeds  (Flores  cinse)  now  occurring  in  commerce, 
are  the  unopened  blossoms  of  Artemisia  maritima  or  its  varieties. 
The  product  is  collected  in  the  Kirgisen  steppe,  and  brought 
thence  in  large  quantities  to  Nijni-Novgorod,  from  which  it  is 
brought  through  Moscow,  St.  Petersburg  or  Revel,  to  Western 
Europe,  where  the  greater  portion  is  worked  up  in  the  manu- 
facture of  santonin.  Artemisia  maritima  is  also  found  in  Europe 
on  the  sea-coast,  and  in  inland  places  where  salt  is  abundant. 

Santonin  was  discovered  in  1830  almost  simultaneously  by 

the  pharmacist  Kahler  in  Diisseldorf,  and  by  Alms,  a  pharmacist's 

assistant  in  Penzlin  ;  the  latter  also  showed  that  it  is  the  active 

constituent  of  worm  seeds  and  recommended  its  employment  in 

medicine.     In  the  same  year  another  pharmacist,  Oberdorffer, 

observed  that  it  is  soluble  in  alkalis,  and    Trommsdorf2   and 

Heldt,3  who   examined   it  more    closely,  found  that   although 

1  Nat.  Hist.  26,  28,  29.  2  Annalen,  11,  190. 

3  Annalen,  63,  10. 
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perfectly  neutral  it  combines  with  liases  and  is  precipitated  by- 
acids,  and  they  also  stated  that  in  combining  with  bases  it  did 
not  take  up  the  elements  of  water.  Gerhardt  therefore  believed 
it  to  be  an  acid,  which  view  was  generally  adopted  until  Hesse1 
showed  that,  contrary  to  the  previous  supposition,  santonin  does 
take  up  the  elements  of  water  when  acted  on  by  bases,  yielding 
salts  of  santoninic  acid,  of  which  santonin  is  therefore  the 
anhydride  or  lactone  ;  its  constitution  and  that  of  its  derivatives 
was  determined  by  Cannizzaro.2 

To  prepare  it  from  worm  seeds,  which  contain  To — 2  per 
cent.,  these  are  first  freed  from  the  ethereal  oil  (Pt.  V.  p.  458), 
and  20  parts  then  boiled  with  7  parts  of  freshly-slaked  lime, 
40  parts  of  water,  and  40  parts  of  alcohol  of  sp.  gr.  0'830,  and 
this  treatment  subsequently  twice  repeated.  The  alcohol  is  then 
distilled  off  from  the  filtered  liquid,  and  the  latter  evaporated 
till  it  occupies  50  parts.  On  addition  of  a  little  hydrochloric 
acid  a  greenish  resin  separates  out,  which  is  removed  and  the 
filtrate  treated  with  a  slight  excess  of  hydrochloric  acid.  The 
free  santoninic  acid  thus  formed  speedily  splits  up  into  water 
and  santonin,  the  latter  crystallizing  out.  The  crude  product  is 
extracted  with  a  little  warm  water,  filtered,  the  residue  warmed 
with  10  parts  of  alcohol  and  a  little  animal  charcoal,  finally 
heated  to  boiling,  and  filtered.  On  cooling,  pure  santonin 
crystallizes  out. 

It  forms  very  lustrous  rhombic  prisms  or  tablets,  which  have 
a  slightly  bitter  taste,  melt  at  170°,  and  sublime  on  carefully  heat- 
ing in  small  quantities.  At  the  ordinary  temperature  it  dissolves 
in  5,000  parts,  at  the  boiling  point  in  250  parts  of  water;  it  is 
more  readily  soluble  in  alcohol,  being  dissolved  in  40  parts  of 
scold  and  8  parts  of  boiling  alcohol  of  sp.  gr.  0'830  ;  the  alcoholic 
solution  is  laevo-rotatory  and  has  an  intensely  bitter  taste.  It 
also  dissolves  in  4  parts  of  chloroform  and  in  acetic  acid,  fatty, 
and  ethereal  oils.  On  exposure  to  light,  especially  to  direct 
sunlight,  it  is  coloured  yellow,  the  crystals  frequently  cracking  ; 
it  then  dissolves  in  alcohol  with  a  pale  yellow  colour,  from  which 
solution  however  colourless  santonin  crystallizes  out  on  cooling. 

Taken  internally  it  has  not  infrequently  a  remarkable  action 
upon  the  sight,  all  objects  appearing  at  first  to  have  a  bluish  tinge, 
which  afterwards  becomes  yellow  or  greenish-yellow.  In  larger 
doses  it  causes  headache,  dizziness,  and  sickness,  and  often, 
especially  with  children,  convulsions  which  end  in  death. 

1  Ber.  6,  1280.  2  Bcr.  18,  2746  ;  19,  2260 ;  Gazzetta,  12,  393. 
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When  santonin  is  distilled  with  zinc  dust  in  a  current  of 
hydrogen  it  yields  dimethylnaphthalene,  dimethylnaphthol,  and 
propylene. 

Santoninoxime, ClsH.ls(NO~H.)02,  was  discovered  by  Cannizzaro.1 
It  is  best  prepared  by  boiling  4  parts  of  hydroxylamine  hydro- 
chloride, 5  parts  of  santonin,  50  parts  of  90  per  cent,  alcohol, 
and  4  parts  of  precipitated  calcium  carbonate  for  6 — 7  hours,  or 
preferably  by  heating  the  mixture  to  70—80°  for  3 — 4  days. 
It  is  insoluble  in  cold,  very  sparingly  in  hot  water,  and  crystal- 
lizes in  white,  silky  needles,  which  melt  at  216 — 218°,  and  are 
laavo-rotatory.2  It  is  also  used  as  a  remedy  for  worms,  as  it 
is  non-poisonous,  but  3 — 5  times  the  dose  usually  given  of 
santonin  is  necessary.3 

Santoninphenylhydrazone,  C15H18(N2HC6H6)02,  is  formed  when 
an  acetic  acid  solution  of  santonin  is  boiled  with  phenyl- 
hydrazine,  and  crystallizes  from  alcohol  in  lustrous  straw-yellow 
needles,  melting  at  220 — 221°  with  decomposition.  It  is  dextro- 
rotatory, and  forms  a  red,  unstable  hydrochloride.4 

Santoninic  acid,  C15H20O4,  was  obtained  by  Hesse  by  saturating 
a  cold  solution  of  the  sodium  salt  with  dilute  hydrochloric  acid, 
and  at  once  extracting  the  milky  liquid  with  ether.  The  acid 
quickly  separates  from  the  ethereal  solution  in  crystalline 
granules,  which  on  recrystallization  from  alcohol  are  obtained 
in  beautiful  rhombic  crystals.  These  do  not  become  yellow  on 
exposure  to  light,  are  very  sparingly  soluble  in  cold,  more  readily 
in  hot  water,  the  solution  having  an  acid  reaction.  When  heated 
for  a  long  time  at  120°  it  decomposes  into  water  and  santonin, 
which  also  takes  place  on  addition  of  sulphuric  or  hydrochloric 
acid  to  its  solution,  especially  on  warming.  Like  santonin  it  is 
laevo-rotatory. 

Sodium  santoninate,  2C15H1904Na  +  7H20,  is  likewise  em- 
ployed as  a  remedy  for  intestinal  worms,  and  is  obtained  by 
boiling  santonin  with  soda  crystals  and  dilute  alcohol.  It 
crystallizes  in  transparent  rhombic  prisms,  which  have  a  bitter 
saline  taste,  and  an  alkaline  reaction.  They  are  readily  soluble 
in  water,  and  somewhat  less  easily  in  alcohol. 

Calcium  santoninate,  (C15H1904)2Ca,  is  prepared  by  warming 
an  alcoholic  solution  of  santonin  with  slaked  lime,  and  separates 

1  Ber.  18,  2746. 

2  Gucci,  Ber.  22,  731  c. 

3  Chem.  Zeit.  Hep.  1889,  185. 

4  Cristaldi,  Ber.  20,  708  o.  ;  22,  732  c. 
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out  on  evaporating  the  solution  in  crystalline  crusts,  which 
after  drying  form  a  plastic  silky  mass,  readily  soluble  in  water, 
and  have  an  alkaline  reaction. 

Santonious  acid,  C16H20O3,  is  formed  by  the  long-continued 
boiling  of  santonin  with  hydriodic  acid  and  amorphous  phos- 
phorus. It  is  scarcely  soluble  in  cold,  more  easily  in  boiling 
water,  and  very  readily  in  alcohol  or  ether,  from  which  it 
crystallizes  in  long,  lustrous  needles,  melting  at  178 — 179°.  Its 
solutions  are  dextro-rotatory,  and  its  alkaline  salts  dissolve 
readily  in  water  and  alcohol.  The  sodium  salt,  C15H1903Na, 
crystallizes  in  very  small  needles,  and  the  barium  salt  forms 
readily  soluble  crystals  containing  water  of  crystallization. 

Ethyl  santonite,  C16H1903.C2H6>  is  obtained  by  the  action  of 
hydrogen  chloride  on  an  alcoholic  solution  of  the  acid,  and 
separates  from  ether  in  white  crystals,  melting  at  116 — 117°.  If 
its  ethereal  solution  be  heated  with  sodium  under  pressure  it 
yields  ethyl  sodiosantonite,  C15HlsNa03.C2H6,  as  a  white  powder, 
which  on  treatment  with  ethyl  iodide  forms  diethyl  santonite, 
C15H1803(C2H6)2.  The  latter  crystallizes  in  long  needles,  melting 
at  31 — 32°,  and  on  hydrolysis  yields  ethylsantonious  acid, 
C15H18(C2H5)03,  which  also  crystallizes  in  long  needles  melting 
at  115-5— 116°. 

Isosantonious  acid,  C15H20O3,  is  obtained  by  heating  santonious 
acid  and  dissolving  the  resinous  product  in  warm  alcoholic 
potash.  The  acid  separates  on  addition  of  hydrochloric  acid 
in  small  plates,  melting  at  155°.  It  is  a  strong  monobasic 
acid  and  optically  inactive. 

Ethyl  isosantonite  forms  white  crystals,  melting  at  123°,  and 
is  converted  by  sodium  and  ethyl  iodide  into  diethyl  isosantonite, 
which  melts  at  54°.  From  the  latter  ethylisosantonious  acid, 
melting  at  143°,  may  be  prepared.1 

As  already  mentioned  (p.  319)  santonious  and  isosantonious 
acids  decompose  on  heating  with  caustic  baryta  with  formation 
of  dimethylnaphthol,  which  is  also  obtained  mixed  with  di- 
methylnaphthalene  and  propylene  by  heating  them  with  zinc 
dust.2 

When  santonious  acid  is  heated  in  a  current  of  carbon  dioxide 
at  320°,  it  splits  up  into  dimethyldihydronaphthol  and  pro- 
pionic acid  ;  it  is  therefore  dimethylhydroxytetrahydronaphthyl- 
propionic  acid.     It  contains   two   hydrogen  atoms  more  than 

1  Camiizzaro  and  Carnelutti,  GazzeUa,  12,  393  ;  Cannizzaro,  Gazzetta,  13, 
385.  "  Ber.  13,  1516. 
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santonin,  which  is  a  lactone,  and  the  action  of  hydroxylamino 
and  phenylhydrazine  shows  that  it  is  also  a  ketone. 

The  constitution  of  these  compounds  is  explained  by  the 
following  formulae  : 

Santonin.  Santoninic  Acid. 

CH  CH.CHS  CH  CH.CH3 


HC      CH  CO     0 CO       HC      CH  CO     OH     COOH 

I        I        I  I  I  I        I        I  I  I 

HC      CH  CH— CH— CH2      HC      CH  CH— CH— CH2 

x/\/  \/\/ 

CH  CH.CH3  CH  CH.CH3 

Santonious  Acid. 

CH  CH.CH3 


HC      C      CH.OH      COOH 

I        II       I  I 

HC      C      CH— CH2.CH2 

CH  CH.CH3 

Hyposantonin,  C15H20O2,  is  obtained  by  the  action  of  sodium 
amalgam  on  an  acetic  acid  solution  of  santoninoxime  or  santonin- 
phenylhydrazone  : 

CH3X  /C=N.NH.C6H5 


C8H8<  I  +  4H  = 

C.CH2.CH 

0 CO 


CH3/  \C.CH2.CH2 


CH3\  /0H2 

>C8H8/  I  +  NH3  +  CeH6.NH2. 

CH./  XC.CH2.CH2 

0 CO 

It  forms  rhombic  dextro-rotatory  crystals,  melts  at  152° 
and  dissolves  in  solutions  of  the  alkalis  or  alkaline  carbonates 
only  on  warming.  When  dissolved  in  a  mixture  of  equal 
volumes  of  concentrated  sulphuric  acid  and  a  very  dilute  ferric 
chloride  solution,  the  liquid  first  assumes  the  colour  of  peach 
blossoms,  and  then  becomes  malachite  green.  On  warming  with 
dilute  acids  it  is   converted  into  isohyposantonine,  which  forms 
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rhombic  crystals,  melts  at  168-5°,  is  lsevo-rotatory,  dissolves 
in  alcohol  and  benzene  less  readily  than  hyposantonine,  and 
may  be  sublimed  in  a  current  of  carbon  dioxide  (Cristaldi  and 
Gucci). 

2699  Fhotosantonic  acid,  C15H2205,  was  first  obtained  by 
Sestini,  who  exposed  an  acetic  acid  solution  of  santonin  for  a 
long  time  to  direct  sunlight.  Cannizzaro  and  Fabris  found  that 
the  isomeric  isophotosantonic  acid  is  formed  at  the  same  time. 
To  prepare  the  acids  1  kilo  of  santonin  is  dissolved  in  52  litres 
of  acetic  acid  of  sp.  gr.  1,054,  and  exposed  in  a  number  of  flasks 
to  the  light  for  several  months,  after  which  \t\\  of  the  acetic 
acid  is  evaporated  off  under  diminished  pressure.  On  cooling, 
photosantonic  acid  crystallizes  out,  and  is  washed  first  with 
dilute  acetic  acid,  and  then  with  water,  the  filtrates  being  added 
to  the  mother  liquor.  On  addition  of  water  to  the  latter  a  less 
pure  photosantonic  acid  evaporates  out,  whilst  the  isophoto- 
santonic acid  and  a  little  photosantonic  acid  remain  in  solution.1 

The  latter  crystallizes  in  hexagonal  prisms,  which  are  scarcely 
soluble  in  cold,  with  difficulty  in  hot  water,  but  readily  in  alcohol 
and  ether,  the  solutions  being  lsevo-rotatory.  It  is  a  dibasic 
acid,  melting  at  125 — 130°,  and  when  quickly  heated  undergoes 
conversion  into  photosantolactone,  C15H20O4,  which  is  more 
sparingly  soluble  in  alcohol  and  ether  than  the  acid,  and  melts 
at  153°. 

Ethylpliotosantolactonc,  or  Photosantoninc,  C15H19(C2H5)04,  is 
formed  by  the  prolonged  exposure  to  sunlight  of  a  solution  of 
santonin  in  65  per  cent,  alcohol,  and  crystallizes  in  colourless 
plates,  melting  at  68 — 69°. 

When  photosantonic  acid  is  heated  in  a  stream  of  carbon  di- 
oxide at  the  melting-point  of  lead,  it  loses  carbon  dioxide, 
yielding  the  monobasic  pyrophotosantonic  acid,  C14H20O2,  which 
forms  crystals  soluble  in  alcohol  and  ether,  melting  at  94-3°.2  It 
is  also  formed  by  warming  photosantonic  acid  with  hydriodic 
acid  (Cannizzaro  and  Fabris).  On  distillation  with  caustic  baryta 
it  yields  a  liquid  hydrocarbon,  C13H20,  boiling  at  221-5 — 223°, 
which  is  probably  an  ethylamylbenzene. 

Isophotosantonic  acid,  C]5H2205,  is  scarcely  soluble  in  water,  but 
readily  in  alcohol,  and  separates,  on  evaporating  the  latter 
solution,  in  thick  rhombic  crystals.  These  lose  water  at  100°, 
forming  isophotosantolactone,  C15H20O4,  which  is  monobasic  and 
dextro-rotatory. 

1  Ber.  19,  2260.         2  Sestini  and  Danesi,  Bcr.  15,  1200  ;  Gazzetla,  12,  83. 
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Acdylisoplwtosantolactone,  C16H19(CO.CH3)04,  is  formed,  to- 
gether with  the  following  compound,  in  the  preparation  of  the 
acid,  and  crystallizes  from  alcohol  in  transparent  needles, 
melting  at  183°.  It  is  also  formed  by  heating  the  acid  with 
sodium  acetate  and  acetic  acid. 

Diacetylisophotosantoladone,  C15H1S(C0.CH,)2,  forms  crystals 
melting  at  163 — 166°,  which  readily  pass  into  the  monacetyl  com- 
pound on  recrystallization  from  alcohol  or  more  quickly  on 
heating  at  120°. 

Cannizzaro  assumes  that  in  the  formation  of  photosantonic 
acid  one  ring  of  the  dimethylnaphthalene  is  split,  and  the 
carbonyl  converted  to  carboxyl,  whilst  in  isophotosantonic  acid 
the  ring  remains  closed,  and  the  carbonyl  forms  the  group 
C(OH)2.    For  the  lactones  he  gives  the  following  formulas  : 

Photosantolactone.  Isophotosantolactone. 

CH  CH.CH3  CH  CH.CH3 


HC      CH  CO.OH      n  KC      CH  C(OH),    n 

I        I  /°\  I        I        I  7°\ 

HC      CH  CH,— CHCH2.CO      HC      CH  CH— CH.CH„.CO 


CH  CHCH3  CH  CH.CH, 

Pyrophotosantonic    acid    is   probably   an    ethylphenylcaproic 
acid  : 

CH  CH2.CH3 


HC      C 


HC     C      CHj.CHg.CHj.COOH 


CH  CH.CH3 

2700  Santonic  acid,  C^H^O^  is  prepared  by  boiling  santonin 
for  twelve  hours  with  saturated  baryta  water,  and  after  saturating 
the  product  with  hydrochloric  acid,  is  extracted  with  ether.  It 
forms  rhombic  crystals  which  melt  at  161 — 163°,  and  are  unacted 
upon  by  light.  It  dissolves  with  difficulty  in  cold  water, 
readily  in  alcohol,  forming  solutions  which  are  more  strongly 
laevo-rotatory,  and  much  more  stable  than  those  of  santoninic 
acid.1  When  santonic  acid  is  boiled  with  hydriodic  acid  it 
yields  the  hydrocarbon   santone,  C15H20,  boiling  at   235 — 240°, 

1  Cannizzaro  and  Sestini,  Bcr.  6,  120. 
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and  iodosantone,  C15H25I,  which  decomposes  on  distillation.1 
The  salts  of  santonic  acid  are  for  the  most  part  obtained  crystal- 
line with  difficulty,  but  its  esters  crystallize  well.2 

Ethyl  santonate,  C15H1904.C2H5,  obtained  by  passing  hydrogen 
chloride  into  an  alcoholic  solution  of  the  acid,  forms  rhombic 
crystals  melting  at  94 — 95°. 

Acctylsantonic  acid,  Cj5H19(CO.CH3)03,  is  prepared  by  heating 
santonic  acid  with  acetyl  chloride,  and  crystallizes  from  chloro- 
form in  large  prisms,  which  melt  at  139 — 140°.  On  long- 
continued  boiling  with  water  it  decomposes  into  santonic  and 
acetic  acids ;  if,  however,  it  be  heated  at  180 — 200°,  santonin 
and  acetic  acid  are  formed.3 

Santonyl  chloride,  C15H1903C1,  forms  rhombic  crystals,  which 
melt  at  170 — 171°,  are  dextro-rotatory  and  are  decomposed  by 
alcohol  with  formation  of  ethyl  santonate. 

The  constitution  of  santonic  acid  and  also  of  the  compounds 
about  to  be  described  has  not  yet  been  ascertained. 

Jlydrosantonia  acid,  C16H2204,  is  obtained  by  the  action  of 
sodium  amalgam  and  water  on  santonic  acid,  and  separates  from 
ethereal  solution  in  rhombic  crystals,  which  melt  at  170°  with 
decomposition.4  It  is  monobasic,  and  on  heating  with  acetic  acid 
at  150°  is  converted  into  hydrosantonide  C15H20O3,  which  likewise 
forms  rhombic  crystals  melting  at  155 — 156°,°  and  is  converted 
by  heating  with  alcoholic  potash  into  the  acid,  of  which  it  is 
therefore  the  lactone. 

Acetylhydrosantonide,  C15H19(CO.CH3)03,  is  formed  by  the 
action  of  acetyl  chloride  on  hydrosantonic  acid,  and  crystallizes 
from  ether  in  needles  melting  at  204 — 204-5°.  On  heating  with 
alcoholic  ammonia  it  yields  acetamide  and  hydrosantonamide 
C15H21(NH2)03,  which  forms  crystalline  flakes  melting  at  190° 
with  decomposition. 

Metasantonic  acid,  C16H20O4,  was  first  obtained  by  Cannizzaro, 
by  heating  silver  hydrosantonate  with  water.  It  is  more 
readily  obtained  by  distilling  santonic  acid  under  diminished 
pressure.  If  the  latter  be  boiled  with  acetic  acid,  and  the 
residue  heated,  santonide,  C15H1803,  and  the  isomeric  parasanto- 
nidc  are  obtained.     Santonide  forms  rhombic  crystals  melting 

1  Cannizzaro  and  Amato,  Ber.  7,  1103. 

2  Cannizzaro  and  Valente,  Gazzetta,  8,  309. 

3  Sestini,  Jahrcsb.  1875,  608. 

4  Cannizzaro,  Gazzetta,  6,  341. 

6  Cannizzaro  and  Valente,  Gazzetta,  8,  309. 
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at  127°,  and  is  converted  into  metasantonic  acid  when  boiled 
with  aqueous  caustic  potash.  On  warming  santonin  with 
sulphuric  acid  it  is  converted  into  isosantonin  ;  the  latter  melts  at 
137 — 138°,  and  on  treatment  with  sodium  carbonate  solution 
yields  metasantonic  acid.     This  forms  rhombic  crystals  melting 

at  161—167°. 

Melting-point. 
Methyl  metasantonate,  C15H19(CH3)04,  mono- 
symmetric  tablets 101-5 — 102'5° 

Metasantonyl  chloride,  C1BH1903C1,  rhombic 

crystals 139° 

Parasantonic  acid,  C15H20O4.  The  parasantonide  mentioned 
above  likewise  crystallizes  in  the  rhombic  system,  and  melts  at 
110°.  On  solution  in  warm  dilute  hydrochloric  acid,  or  on 
boiling  with  caustic  soda  it  is  converted  into  parasantonic  acid,, 
which  forms  large  rhombic  crystals.  It  is  a  monobasic  acid, 
fairly  soluble  in  water,  and  by  the  action  of  phosphorus  chloride, 
acetyl  chloride,  or  acetic  anhydride  re-forms  parasantonide. 

The  methyl  ester  crystallizes  in  rhombic  prisms  and  melts  at 
183—184°. 

When  parasantonide  is  heated  for  a  long  time  with  hydriodic 
acid  and  amorphous  phosphorus  the  following  compounds  are 
formed.1 

a-Metasantonin,  C15H1803.  This  compound  crystallizes  from 
ether  in  thin  elastic  rhombic  tablets,  which  are  soluble  in 
alcohol  and  boiling  water,  and  melt  at  160"5°.  It  boils  at 
238 — 240°,  is  unattacked  by  phosphorus  chloride,  acetyl  chloride, 
and  acetic  anhydride,  and  may  be  crystallized  unaltered  from 
caustic  potash  solution. 

(3-Metasantonin  crystallizes  in  long  monosymmetric  prisms, 
melts  at  136°,  and  in  other  respects  closely  resembles  the 
a-compound. 

1  Cannizzaro  and  Carnellutti,  Gazzclta,  10,  461. 
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2701  a-Naphthindole,  C12H9N.  When  the  ethyl  ester  of 
a-naphthylhydrazonepyroracemic  acid  is  heated  with  zinc 
chloride  at  195°,  it  yields  ethyl  a-naphthindolecarboxylatc : 


C10H7.NH.N : 


C10H6< 


,NH 


-C02C2H5 


\C.C02C2H5  +  NH3. 


It  forms  clear  transparent  needles  which  are  volatile  with 
steam,  and  on  hydrolysis  yield  the  acid.  This  crystallizes  in 
small  needles,  melting  at  202°,  readily  soluble  in  alcohol  but 
sparingly  in  water,  and  decomposes  on  distillation  into  carbon 
dioxide  and  a-naphthindole.  The  latter  is  very  sparingly 
soluble  in  hot  water,  somewhat  more  readily  in  dilute  acetic 
acid,  from  which  it  crystallizes  in  beautiful  plates,  melting  at 
174 — 175°,  and  readily  soluble  in  alcohol.  It  is  slightly  volatile 
with  steam,  and  has  only  a  faint  odour. 

A  piece  of  pine-wood  saturated  with  its  alcoholic  solution  is 
coloured  red  by  hydrochloric  acid,  and  when  its  hot  solution  is 
mixed  with  a  similar  solution  of  picric  acid  a  cherry-red  coloured 
solution  is  obtained,  from  which  the  picrate  crystallizes  out  on 
cooling  in  beautiful  red  needles.  When  the  dilute  acetic  acid 
solution  of  a-naphthindole  is  boiled  with  hydrogen  dioxide  it 
becomes  bluish-green,  and  a  precipitate  of  the  same  colour 
separates  out.  The  latter  contains  traces  of  a  colouring  matter 
which  is  probably  the  indigo  of  the  naphthalene  series,  and 
dissolves  in  chloroform  with  a  bluish-green  colouration ;  on 
heating  the  residue  it  volatilizes,  forming  a  reddish-violet 
vapour. 

The  constitution  of  a-naphthindole  is  represented  by  one  of 
the  following  formula?  : 

CH 

s\ 

-NH  CH  NH 

-CH/CH 


x/v 
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a-Hydronaphthindok,  C12HnN,  is  formed  by  gradually  adding 
zinc  dust  and  hydrochloric  acid  to  an  alcoholic  solution  of 
a-naphthindole,  and  forms  a  crystalline  mass  which  does  not 
give  the  pine-wood  reaction.  It  readily  forms  salts,  and  its 
alcoholic  solution  is  coloured  reddish-violet  by  ferric  chloride. 

Pr :  2-Methyl-a-naphthindole,C10H-6.'NJI(C2il.ClI3),  is  obtained 
by  heating  acetone-a-naphthylhydrazone  with  zinc  chloride.  It 
is  readily  soluble  in  alcohol,  moderately  in  hot  water,  and 
crystallizes  out  in  slender  needles,  which  have  a  faint 
characteristic  odour,  melt  at  132°,  and  colour  pine-wood 
moistened  with  hydrochloric  acid  bluish-violet.  Its  acetic 
acid  solution  is  coloured  cherry-red  by  ferric  chloride,  and 
yields  on  addition  of  water  a  precipitate  of  the  same  colour. 
Its  picrate  crystallizes  from  benzene  in  dark-red  needles,  melting 
at  167— 168".1 

Pr  :  2  :  o-Diviethyl-a-naphthindolc,  C10H6.NH.C2(CH3)2,  is  pre- 
pared by  heating  /?-bromolevulinic  acid,  CH3.CO.CHBr.CH„. 
COOH,  with  a-naphthylamine,  and  separates  out  from  alcoholic 
solution  in  white  granules  or  small  prisms  which  melt  at  150°. 
Its  hot  acetic  acid  solution  is  coloured  cherry-red  by  a  trace 
of  ferric  chloride,  and  deep-blue  by  potassium  dichromate.2 

$-Naphthylindoh  is  formed  by -heating  the  ethyl  ester  of 
^-naphthylhydrazonepyroracemic  acid  with  zinc  chloride;  the 
greater  part  of  the  fi-naphthindolecarboccylic  acid  first  formed 
decomposes  at  once,  and  is  therefore  only  obtained  as  a 
by-product,  which  crystallizes  in  slender  lustrous  plates,  melting 
at  226°  with  evolution  of  carbon  dioxide. 

/3-Naphthindole  is  a  liquid  the  faint  smell  of  which  has 
none  of  the  indole  characteristics;  it  boils  above  360°  under 
atmospheric  pressure  and  at  220°  under  18  mm.,  and  colours 
pine-wood  bluish-violet  after  moistening  with  hydrochloric  acid. 
It  is  converted  by  ferric  chloride  into  complicated  solid 
oxidation  products.  Its  picrate  crystallizes  from  benzene  in 
slender  dark-red  needles. 

Its  constitution  is  represented  by  one  of  the  following  formulas : 

_nh>ch  /\AM 

\CH 

JCH^ 


1  Schlieper,  Annalen,  239,  229.  2  Wo]ff>  Bcr-  g^  3360 
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Pr :  2-Methyl-{3-naphthindole  has  been  prepared  from  acetone- 
;8-naphthylhydrazone,  and  is  a  thick  yellowish  oily  liquid 
which  has  no  faecal  smell,  boils  at  314 — 320°  under  223  mm. 
pressure,  and  gives  the  same  colouration  with  pine-wood  as  the 
foregoing  compound.  Its  jpicrate  crystallizes  in  reddish-brown 
needles,  and  melts  at  176°. 

Hydromethyl-ft-naphthindole,  C12H10(CH3)N,  is  a  golden- 
yellow  oily  liquid,  which  has  a  scarcely  perceptible  odour  and 
boils  at  190 — 200°  under  20  mm.  pressure.1 

a-Pr:2:3-Dhnethyl-p^az>Mhindole,CwH6NK.Ct(GKa)%.  When 
/3-naphthylhydrazonelevulinic  acid  is  heated  with  zinc  chloride 
it  yields  methyl- @-naphthindoleacetic  acid  : 

C10HrN2H=C< =  C10H2/        \C.CH3 


-CH2.CH2.C02H  ^  C 


+  NEL 


CH2.C02H 


It  separates  from  hot  acetone  in  small  crystals  showing  a  large 
number  of  surfaces,  which  have  the  composition  2CI6H13N02  + 
C3H60,  and  lose  acetone  on  heating.  They  are  readily  soluble 
in  alcohol,  sparingly  in  water,  and  melt  at  210°  with  evolution 
of  carbon  dioxide  and  formation  of  a  light  brown  oil,  which 
distils  unchanged,  and  then  solidifies  to  a  crystalline  mass  of 
dimethyl-/3-naphthindole.  This  separates  from  alcoholic  solu- 
tion on  addition  of  water  in  lustrous  six-sided  tablets,  melts 
at  126°,  does  not  colour  pine  wood,  and  forms  a  dark-red 
picrate.  Its  acetic  acid  solution  is  coloured  blue  by  ferric 
chloride. 

ITydrodimethyl-ft-naphthindok,  C12H9(CH3)2N,  is  a  light  yellow 
thick  oil,  which  gives  a  red  colouration  with  ferric  chloride,  and 
is  readily  soluble  in  acids.2 

/3-Pr :  2  :  %-Dimethyl-fi-naphthindolc  is  formed  by  heating  /3- 
bromolevulinic  acid,  CH3.CO.CHBr.CH2.C02H,  with  /3-naph- 
thylamine,3  and  crystallizes  from  alcohol  in  small  strongly  re- 
fractive brittle  tablets,  which  melt  at  132°,  and  become  violet 
in  the  air.  It  has  only  a  faint  odour,  and  does  not  readily 
volatilize  with  steam.  Its  concentrated  alcoholic  solution 
shows  a  violet  fluorescence,  and  its  acetic  acid  solution,  on  boil- 

1  Schlieper,  Annalen,  236,  174.  2  Steche,  Annalcn,  242,  367. 

3  Wolff,  Bcr.  20,  425. 
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ing  with  ferric  chloride,  or  hydrochloric  acid  and  potassium 
dichromate,  assumes  a  beautiful  green  colour.  Its  picrate 
crystallizes  in  dark-brown  lustrous  needles,  melting  at  175".1 

The  existence  of  two  dimethyl-/3-naphthindoles  is  readily 
understood,  but  it  is  not  yet  known  which  is  the  1 :  2  and  which 
the  2  : 3  compound. 

2702  a-NaphtJwxindole,  C12HgNO.  When  an  alcoholic  solu- 
tion of  glyoxal  sodium  sulphite  and  a-naphthylamine  is  heated 
on  the  water-bath,  the  following  reaction  takes  place  : 

.OH 

HC< 

\SO,Na 


,S03Na 


C10H7.NH2  + 

HC< 
\OH 

/NH\ 
C10H6<  >C.S03Na  +  NaHS03  +  2H„0. 

The  sodium  a-naphtliindolcsidphite  thus  obtained  forms 
crystals  which  are  soluble  in  water,  and  have  a  sweet  taste.  On 
warming  the  aqueous  solution  with  concentrated  hydrochloric 
acid  it  yields  a-naphthoxindole  : 

.NIL 
CioH0<         >C.O.S02Na  +  HC1  = 

C10H6<  )CO  +  SO,  +  NaCl. 

\ch/ 

The  latter  crystallizes  in  colourless  needles,  melting  at  245°, 
which  are  insoluble  in  boiling  caustic  soda  solution.  When 
sodium  nitrite  is  gradually  added  to  its  warm  solution  in  alcohol 
and  acetic  acid,  it  is  converted  into  isonitroso-a-naphthoxindoh 
or  a-naphthisatinoxime  (compare  Pt.  V.  p.  91). 

/NH\  /Nv\ 

C10H</         >CO     or     C10He<     VOH 

N  C  /  XK 

II  II 

N.OH  N.OH 

1  Ser.  21,  3360. 
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This  compound  forms  pale-red  needles,  soluble  in  alcohol. 
On  reduction  with  tin  and  hydrochloric  acid  it  yields  amido- 
a-naphtlwxindolc,  which  has  not  been  closely  investigated, 
but   on  oxidation   with    ferric    chloride    yields    a-naphthisatin, 

CioIIs\  /C.OH.       The    latter    crystallizes    in    small    red 

needles,  and  like  isatin  combines  with  acid  alkaline  sulphites, 
and  dissolves  in  alcoholic  potash  with  a  deep-violet  colouration, 
which  changes  to  yellow  on  warming.  It  is  distinguished  from 
isatin  by  the  fact  that  it  does  not  give  a  blue  colouration  with 
sulphuric  acid  and  benzene  containing  thiophen  (Part  IV.,  p. 
75). 

Its  phenylhydrazone  crystallizes  in  small,  lustrous,  yellowish- 
red  plates,  which  melt  at  268—270°,  and  have  the  following 
constitution : 

C10H0/     ^C.OH 

xC=N2H.CeH6. 

/3-Naphthoxindolc.  The  sodium  salt  obtained  by  warming  an 
alcoholic  solution  of  glyoxal  sodium  sulphite  and  /3-naphthyl- 
amine  is  a  sandy  powder,  almost  insoluble  in  hot  water.  Boiling 
caustic  potash  converts  it  into  potassium  (3-naphthindolesulphonate, 
C12HsN.S03K,  which  crystallizes  from  hot  water  in  beautiful 
white  plates  having  a  sweet  taste.  The  fi-naphthoxindole 
obtained  from  it  crystallizes  from  alcohol  in  greenish  needles, 
melting  at  234°.  On  heating  with  baryta-water  at  140 — 150° 
it  yields  the  barium  salt  of  amidonaphthylacetic  acid,  C10HC 
(NH2)CH2.COOH ;  the  solution  of  the  free  acid  has  a  strongly 
acid  reaction,  and  is  reconverted  into  /3-naphthoxindole  on 
gentle  warming. 

ft-Naphthisatinoximc  crystallizes  from  alcohol  in  slender 
yellowish-red  needles,  melts  at  about  240°  with  decomposition, 
and  is  soluble  in  alkalis. 

ft-Naphthisatin  forms  slender  red  needles,  melting  at  248°, 
and  behaves  in  an  analogous  manner  to  the  a-compound.  Its 
phenylhydrazone  crystallizes  in  beautiful  yellowish-red  plates.1 

1  Hinsberg,  Her.  21,  HO. 
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ACENAPHTHENE  GROUP. 

2703  Accnaphthene,  or  Pcri-etliylcnenaphthalcne,  C10H6.C!!H1) 
was  first  obtained  by  Berthelot  together  with  other  products  by- 
passing a  mixture  of  naphthalene  vapour  and  acetylene  through 
a  red  hot  tube.1  Later  on  he  found  that  it  occurs  in  coal-tar.2 
It  is  also  formed,  together  with  a  large  quantity  of  naphthalene, 
when  the  vapour  of  ethylnaphthalene  is  passed  through  a 
porcelain  tube  heated  to  bright  redness,  or  when  it  is  heated 
with  1  molecule  of  bromine  at  180°,  and  the  product  boiled 
with  alcoholic  potash.3 

C10H7.C2H4Br  =  C10H6.C2H4  +  HBr. 

Behr  and  van  Dorp  found  that  it  yields  naphthalic  acid  on 
oxidation,  the  exact  constitution  of  which  was  ascertained  by 
Bamberger  and  Philip  (p.  320).  Hence  the  constitution  of 
acenaphthene  is  represented  by  the  following  formula  : 

CH2-CH2 

c    c 

HG     C      CH 

I      III 
HC     C      CH 

HG      CH 

In  order  to  prepare  it,  the  liquid  products  remaining  after  the 
separation  of  anthracene  from  coal-tar  oil  are  subjected  to 
fractional  distillation.     From  the  combined  fractions  boilino-  at 

O 

1  Bull.  Soc.  Chim.  7,  275  ;  Fei'ks,  Bar.  20,  661. 

2  Bull.  Soc.  Chim.  8,  245. 

8  Berthelot  and  Bardy,  Annalcn,  166,  135. 
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265—275",  acenaphthene  separates  after  some  time  in  flat 
prisms,  which  are  washed  with  cold  alcohol,  and  recrystallized 
from  the  hot  liquid.  It  is  thus  obtained  in  needles  often  over 
2  cm.  in  length,  and  occasionally  in  small  plates.1 

It  melts  at  103°,2  and  boils  at  277-5°,  its  vapour  having  a  sp. 
gr.  of  5 -So0.3  Its  joicrate,  C12H10  +  C6H3(N02)30,  crystallizes  in 
orange-red  prisms,  which  melt  at  161—162°,  and  are  sparingly 
soluble  in  alcohol. 

Tetrahydroacenaphthene,  C12H14,  is  obtained  by  adding  thin 
slices  of  sodium  to  a  boiling  amyl  alcohol  solution  of  acenaph- 
thene, and  forms  a  colourless  thick  oily  liquid  which  has  a 
faintly  aromatic  odour,  and  boils  at  249'5°.4 

Perhydroacenaphthene,  C12H20,  is  prepared  by  heating  1  part 
of  acenaphthene,  1 '25  parts  of  amorphous  phosphorus,  and  5 — 6 
parts  of  hydriodic  acid  (sp.  gr.  1-7)  for  12 — 16  hours  at 
250—260°.  It  is  a  liquid  boiling  at  235—236°,  and  has  a  re- 
markable sweetish  mouldering  smell.5 

Bromacenaphthcne,  C10H5Br.C2H4,  is  formed  when  bromine  is 
added  to  an  ethereal  solution  of  acenaphthene  ;  it  crystallizes 
from  alcohol  in  beautiful  tablets,  melting  at  52 — 53°,  and 
yields  bromonaphthalic  acid  on  oxidation  with  chromic  acid. 

Dibromotetrahydroacenaphthene,  or  Diliydroacenaphthene  di- 
bromide,  C12H12Br2,  is  obtained  by  mixing  chloroform  solutions 
of  tetrahydroacenaphthene  and  bromine  in  a  freezing  mixture. 
It  crystallizes  from  boiling  benzene  in  thick  glassy  rhombic 
tablets,  or  short  strongly  refractive  prisms,  which  are  sparingly 
soluble  in  cold,  readily  in  hot  alcohol,  and  melt  at  138°.  On 
heating  with  alcoholic  potash  it  is  converted  into  potassium 
bromide  and  acenaphthene.  In  addition  to  the  dibromide,  a 
liquid  bromacenaphthene,  boiling  at  302 — 307°,  is  also  formed 
by  the  action  of  bromine  on  tetrahydroacenaphthene.6 

Dibromacenaphthene  tetrabromide,  C12Br2H8.Br4,  is  obtained  in 
white  crystals  when  bromine  is  added  to  a  solution  of  acenaph- 
thene in  carbon  bisulphide.7 

Nitro-acenaphthene,  C]0H5(NO2)C2H4,  is  formed,  together  with 
the  following  compound,  when  nitric  acid  is  added  to  an  acetic 

1  Behr  and  van  Dorp,  Annalen,  172,  263. 

2  Sciriff,  Annalen,  223,  262. 

3  Graebe,  Annalen,  163,  364. 

4  Bamberger  and  Lodter,  Ber.  20,  3073. 
6  Liebermann  and  Spiegel,  Ber.  22,  779. 
6  Bamberger  and  Lodter,  Ber.  21,  840. 

'  Blumenthal,  Ber.  7,  1092. 
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acid  solution  of  acenaphthene,  and  forms  large  yellow  crystals 
melting  at  101 — 102°,  which  are  soluble  in  light  petroleum,  and 
are  converted,  on  heating  with  dilute  nitric  acid,  into  nitro-y- 
naphthoquinone  and  nitronaphthalic  acid. 

Dinitro-acenaphthene,  Cl0H4(NO2)2C2H4,  was  first  obtained  by 
Berthelot ;  *  it  is  insoluble  in  light  petroleum,  but  crystallizes 
from  alcohol  or  acetic  acid  in  small  yellow  needles,  which  melt 
at  206°  with  carbonization.2 

Amidoacenaphthene,  C10H5(NH2)C2H4,  was  obtained  by 
Quincke  by  the  reduction  of  nitroacenaphthene  with  tin  and 
hydrochloric  acid  or  ammonium  sulphide,  the  nascent  hydrogen 
causing  a  further  reduction  to  ammonia  and  acenaphthene.  It 
crystallizes  in  white  needles,  melting  at  108°,  which  become 
discoloured  in  the  air.  Its  hydrochloride  is  precipitated  from 
aqueous  solution  by  concentrated  hydrochloric  acid  in  slender 
needles,  and  the  picrate  separates  from  dilute  aqueous  solution 
in  yellow  crystals. 

Acetylamidoacenaphthene,  C12H9.NH.C2H30,  is  formed  when 
the  base  is  boiled  with  an  excess  of  acetyl  chloride,  and 
crystallizes  from  alcohol  in  dark-yellow  plates,  melting  at 
176°. 

Diacetylamidoacenaphthe7ie,  C12H9N"(C2H30)2,  is  obtained  in  an 
unusual  manner  by  substituting  acetic  anhydride  for  acetyl 
chloride,  and  crystallizes  from  alcohol  in  pale-brown  spangles, 
melting  at  122°. 

Acenaphthylthiocarbamide,  CS(NH.C12H9)2,  is  obtained  by 
boiling  the  amido-base  with  carbon  bisulphide,  and  crystallizes 
from  toluene  in  yellowish  or  violet  asbestos-like  needles,  which 
melt  at  192°. 

Acenaphthylthiocarbimide,  CS  :  N.C12H0,  is  prepared  by  boil- 
ing the  mixture  of  amidoacenaphthene  and  carbon  bisulphide 
with  alcoholic  potash,  and  crystallizes  in  lustrous  brown  plates 
which  melt  at  96°. 

Diaviidoaccnaphthene,  C10H4(NH2)2C2H4,  crystallizes  in  small 
white  needles,  which  quickly  undergo  decomposition  with 
blackening ;  its  salts  are  also  very  unstable. 

2704  Accnaphthijlene  or  Periacetylenenaphthalene,  C10H6.C2H2, 
was  prepared  by  Behr  and  van  Dorp  by  passing  the  vapour  of 
acenaphthene  over  lead  oxide  heated  to  redness  :  3 

1  Bull.  Soc.  CTiim.  8,  250. 
-  Quincke,  Bar.  21,  1454. 
3  Loo.  ait.  ;  Blumenthal,  Bar.  7,  1092. 
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/CH2  .OH 

C10H6/  |        +  PbO  =  C10H6/  ||       +  H20  +  Pb. 
\CH2  ^CH 

It  is  readily  soluble  in  alcohol  and  crystallizes  in  yellow  plates 
or  tablets,  which  do  not  lose  their  colour  after  repeated  recrys- 
tallization.  It  melts  at  92 — 93°,  volatilizes  somewhat  at  the 
ordinary  temperature,  boils  with  decomposition  at  265 — 275°, 
and  the  vapour  when  more  strongly  heated  carbonizes  with  re- 
formation of  acenaphthene,  on  which  account  the  vapour  density 
could  not  be  determined.  On  oxidation  with  chromic  acid  it 
yields  naphthalic  acid,  and  is  reconverted  into  acenaphthene  by 
the  action  of  sodium  amalgam  on  its  alcoholic  solution.  Its  pic- 
rate,  C13H8  +  C6H3(N02)30,  crystallizes  in  dark-yellow  needles, 
which  are  sparingly  soluble  in  alcohol,  and  melt  at  201 — 202°. 

Acenaphthylene  bromide,  C10H6.C2H2Br2,  crystallizes  from  abso- 
lute alcohol  or  benzene  in  needles,  melting  at  121 — 123°, 
and  is  also  oxidized  by  chromic  acid  to  naphthalic  acid. 
It  readily  loses  hydrogen  bromide,  passing  into  the  following 
compound. 

Bromacenaphthylcne,  C10H8.C2HBr,  is  best  prepared  by  warm- 
ing the  dibromide  with  alcoholic  potash ;  it  is  an  oily  liquid, 
which  decomposes  on  distillation,  but  yields  a  picrate,  C12H7Br 
-1-  C6H3(N02)30,  crystallizing  in  beautiful  yellow  needles. 

It  is  not  possible  to  remove  a  second  molecule  of  hydrogen 
bromide ;  on  heating  it  with  alcoholic  potash  at  140°,  acenaph- 
thylene  is  re-formed,  the  alcohol  being  oxidized  to  aldehyde. 

C10H6.C2HBr  +  C2H60  +  KOH  = 
C10H6.C2H2  +  C2H40  +  KBr  +  H20. 

DibromacenapMhyhne,  C18HgBr.C2HBr,  is  obtained  by  acting 
on  the  previous  compound  with  bromine,  and  crystallizes  in 
beautiful  orange-red  plates,  which  do  not  yield  naphthalic  acid, 
but  probably  bromonaphthalic  acid  on  oxidation. 

Dibromacenaphthylene  bromide,  C12H6Br4,  is  formed  by  adding 
bromine  to  a  carbon  bisulphide  solution  of  the  dibromide,  and 
separates  out  in  rosette-shaped  aggregates  of  crystals,  which 
are  insoluble  in  alcohol,  and  melt  with  decomposition  at 
161—162°. 

Acenaphthylene  glycol,  C10H?.C2H2(OH)2,  is  prepared  by  boil- 
ing the  monacetate  with  caustic  potash  and  methyl  alcohol,  and 
separates  out  on  cooling  in  long  needles,  melting  at  204 — 205°, 
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and  sparingly  soluble  in  cold  alcohol  and  hot  water, 
Alkaline  potassium  permanganate  oxidizes  it  to  naphthalic  acid. 

The  monacctate,  C10H6.C2H2(OH)(OC2H3O),  is  obtained  by 
boiling  the  bromide  with  acetic  acid  and  potassium  acetate ;  it 
crystallizes  from  alcohol  in  long  slender  needles,  melting  at 
122 — 122'5°,  and  passes  on  heating  with  acetic  anhydride  into 
the  diacctate,  C]0H6.C2H2(OC2H3O)2,  melting  at  130°. 

Acenaphthyl  benzoate,  C10H6.C2H2(OH)(OC7H6O),  is  formed  by 
the  action  of  silver  benzoate  on  an  ethereal  solution  of  the 
bromide,  and  crystallizes  in  small  colourless  needles,  melting  at 
189—190°. 

Aeenaphthylene  ketone,  C12H80,  is  prepared  by  heating  the 
glycol  with  sodium  ethylate  : 

/CH.OH  /CH2 

C10H  /  [  =  C10H6<  |       +  H20. 

\CH.OH  \CO 

It  crystallizes  from  alcohol  in  pale-yellow  needles,  melts  at 
119 — 119,5°,  and  forms  a  phenylhydrazone.1 

1  Ewan  and  Cohen,  Journ.  Chem.  Soc.  1889,  I.  578. 
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PYEENE  GROUP. 

2705  Pyrene,  C10H4(C3H3)2.  In  1837,  Laurent  found  that 
when  the  tar  obtained  in  the  destructive  distillation  of  coal  or 
fatty  substances,  is  fractionated,  a  reddish-yellow  product  is 
obtained  towards  the  end  of  the  operation.  This  is  more  or 
less  solid,  and  he  was  able  to  isolate  from  it  two  new  hydro- 
carbons, one  of  which  he  termed  Chrysene,  from  its  yellow 
colour,  whilst  to  the  other  he  gave  the  name  Pyrene,  believing 
that  it  is  frequently  obtained  by  the  action  of  fire  on  organic 
substances.  He  gave  to  pyrene  the  formula  C15H12 ; x  Graebe 
showed  however  later  on  that  Laurent's  compound  is  a  mixture, 
the  chief  constituent  of  which  is  a  hydrocarbon,  C16H10,  for 
which  he  retained  the  name  pyrene.2 

In  order  to  prepare  pyrene,  the  portions  which  pass  over  in 
the  distillation  of  coal  tar  just  previous  to  the  coking  of  the 
residue  are  extracted  with  carbon  disulphide,  which  dissolves 
out  pyrene  and  fluoranthene,  C15H10,  whilst  chrysene  remains 
behind.  After  evaporating  off  the  carbon  bisulphide  the  residue 
is  dissolved  in  alcohol  and  mixed  with  an  alcoholic  solution  of 
picric  acid  ;  the  picrates  of  pyrene  and  fluoranthene  crystallize  out, 
and  are  separated  as  far  as  possible  by  repeated  fractional  crys- 
tallization from  alcohol,  and  reconverted  into  the  hydrocarbons  by 
ammonia.  The  latter  are  also  recrystallized,  again  converted 
into  the  picrates,  and  the  same  treatment  repeated,  until  at 
length  both  compounds  are  obtained  pure.3 

Pyrene  also  forms  a  constituent  of  a  by-product  obtained  in 
smelting  the  ores  of  mercury  at  Idria,  known  as  "  Stuppfett." 
In  the  distillation  of  the  ores,  besides  mercury  a  black  plastic 
mass  is  obtained  in  the  condensation  chambers.  This  product, 
termed  "  Stupp,"  contains  large  quantities  of  mercury,  which  can 

1  Ann.  Chim.  Phys,  66,  136.  2  Annalen,  158,  285. 

8  Fittig,  Gebhard  and  Hintz,  Ber.  10,  2141. 
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only  be  partially  separated  by  mechanical  means,  15 — 20  per  cent, 
remaining  behind.  To  obtain  the  last  portions  of  the  mercury  the 
"  stupp  "  is  redistilled  ;  in  the  condensation  chambers  are  then 
found  mercury  and  finely  divided  "  stupp,"  together  with  a 
partially  crystalline  mass  saturated  with  oil,  to  which  the  name 
"  stuppfett  "  is  given.  It  is  a  mixture  of  various  substances,  and 
its  colour  likewise  varies  from  yellow  to  greyish-green  and 
brown.  Goldschmiedt  and  Schmidt  found  in  100  parts  of  "  stupp- 
fett," 3  parts  of  naphthalene,  C10H8  ;  45  parts  of  phenanthrene, 
CUH10 ;  12  parts  of  fluoranthene,  C15H10 ;  and  20  parts  of  pyrene, 
C16H10.  In  addition  to  these,  small  quantities  of  the  following 
compounds  were  obtained  :  chrysene,  C18H12;  anthracene,  C14H10; 
methylnaphthalene,  C10H7.CH3 ;  ethylnaphthalene,  C10H7.C2H5 ; 
acenaphthene,  C10H6.C2H4  ;  diphenyl,  C12H10 ;  diphenylene  oxide, 
C12H80  ;  and  quinoline  C^HjN.1 

Its  composition  naturally  varies  considerably  ;  thus  Bamberger 
and  Philip  obtained  from  10  kilos  of  "  stuppfett "  only  550  grams 
of  pyrene.  In  order  to  separate  the  latter  the  "  stuppfett "  was 
warmed  with  6  kilos  of  alcohol  on  the  water-bath  till  it  had 
melted  to  a  dark  oil,  and  the  mixture  after  repeatedly  shaking 
allowed  to  cool.  After  separating  off  the  alcoholic  solution,  the 
residue  is  well  pressed,  and  extracted  with  30  kilos  of  boiling 
alcohol,  and  the  impure  pyrene  which  separates  out  again  well 
pressed  and  purified  by  conversion  into  the  picrate.2 

"  Stuppfett  "  is  no  longer  obtained  in  Idria,  the  muffle-process 
in  which  it  is  obtained  having  been  given  up  in  1882.3 

Pyrene  crystallizes  from  benzene  in  beautiful  lustrous  mono- 
symmetric  prisms  or  tablets,  and  melts  at  148 — 149°.  It 
boils  considerably  above  360°,  is  readily  soluble  in  ether  and 
carbon  disulphide,  but  sparingly  in  absolute  alcohol,  100  parts 
of  the  latter  dissolving  137  parts  of  pyrene  at  16°,  and  3'08 
parts  at  the  boiling-point.4  Its  characteristic  picrate,  C16H10  + 
C6H3(N02)sO,  crystallizes  in  long  lustrous  red  needles,  melting 

1  Monatsh.  2,  1  ;  Goldschmiedt,  Ber.  10,  2022.  2  Annalen,  240    147. 

3  This  substance  appears  to  have  been  known  to  Paracelsus,  for  he  says, 
"  Fimm  das  Ertz,  darauss  Mcrcurius  wechsst,  wie  du  es  in  der  ersten  Coagulation 
findest,  das  noch  nit  erhartet,  oder  in  ein  Corpus  gangen  ist,  auff  20.  Pfundt, 
zerstoss,  sieds  in  Regenwasser  auff  ein  Stund,  so  zerfallt  der  "Wust  davon,  als 
dann  schleim  es.  Den  kyss  behalt,  setz  jn  in  ein  Viol,  distillier  jhn  mit  grossem 
Fewr,  so  geht  ein  weisser  blawer  Safft  vber  sich,  den  behalt.  Demnach  so 
distillier  die  Feuchte  von  jm  durch  Balneum  Mariac,  so  bleibt  am  Boden  eine 
schwere  oligkeit,  nahendt  so  schwer  als  Mcrcurius." 

1  Bechi,  Bcr.  12,  1976. 
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at  222°,  which  are  sparingly  soluble  in  alcohol,  readily  in  ether 
and  carbon  disulphide,  and  still  more  easily  in  benzene. 

Hexhydropyrene,  C16H]6,  is  formed  by  heating  pyrene  with  an 
excess  of  phosphorus  and  hydriodic  acid  at  200°,  and  crystallizes 
in  prisms  or  needles,  melts  at  127°,  and  is  readily  soluble 
in  ether,  benzene,  and  boiling  alcohol.  When  its  vapour  is 
passed  through  a  red-hot  tube  it  is  reconverted  into  pyrene 
(Graebe). 

2706  Chloropyrene,  CMH9C1,  is  obtained,  together  with  the 
following  substitution  products,  when  chlorine  is  passed  into  a 
chloroform  solution  of  pyrene,  and  crystallizes  in  long  slender 
lustrous,  golden-yellow  needles,  which  melt  at  118 — 119°,  and 
are  readily  soluble  in  most  of  the  ordinary  solvents.  Its  solution 
in  sulphuric  acid  has  a  beautiful  violet-blue  fluorescence.1 
With  picric  acid  it  yields  the  compound  C1SH9C1  +  C6H3 
(NO^gO,  crystallizing  in  beautiful  red  needles,  and  melting  at 
177—178°. 

a-Dichloropyrene,  C16HSC12,  crystallizes  in  flat  lustrous  sulphur- 
yellow  needles,  melts  at  154—156°,  and  readily  dissolves  in 
ether,  chloroform,  and  benzene,  the  solutions  showing  a  greenish 
fluorescence.  It  is  sparingly  soluble  in  cold  alcohol,  but  dissolves 
in  the  hot  liquid  with  a  blue  fluorescence,  and  on  strongly  warm- 
ing with  concentrated  sulphuric  acid  yields  an  intensely  violet- 
blue  fluorescent  solution.     It  does  not  yield  a  picrate. 

f3-Dichloropyrene  is  sparingly  soluble  in  alcohol,  somewhat 
more  readily  in  chloroform,  and  melts  at  194 — 196°. 

Trichloropyrene,  G16H7C13,  forms  thin  plastic  matted  aggregates 
of  needles,  which  have  a  slightly  yellowish-tinge,  and  melt  at 
256—257°. 

Tetrachloropyrene,  C16H6C14,  crystallizes  in  long  slender  elastic 
needles,  which  have  a  pale-yellow  colour  and  a  beautiful  silky 
lustre,  and  melt  above  330°. 

Dibromopyrene  dibromide,  C16HgBr4,  is  obtained  by  the  action 
of  bromine  vapour  on  pyrene,  and  crystallizes  from  boiling 
nitrobenzene  in  yellowish  needles,  which  are  almost  insoluble 
in  alcohol  and  benzene  (Graebe). 

Tribromopyrene,  C16H7Br3,  was  prepared  by  Graebe  by  allowing 
bromine  to  drop  into  a  carbon  disulphide  solution  of  pyrene. 
It  crystallizes  from  nitrobenzene  in  colourless  needles,  which  are 
scarcely  soluble  in  alcohol  and  carbon  disulphide,  and  very 
sparingly  in  boiling  benzene. 

1  Goldschmiedt  and  "Wegseheider,  Monatsh.  4,  237. 
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Nitropyrene,  C16H9N02,  is  formed  when  pyrene  is  treated 
with  a  mixture  of  equal  volumes  of  nitric  acid  (sp.  gr.  1*2)  and 
water,  and  when  an  aqueous  solution  of  potassium  nitrite  is 
covered  with  an  ethereal  solution  of  pyrene,  and  very  dilute 
sulphuric  acid  gradually  added.1  It  is  sparingly  soluble  in  cold, 
readily  in  hot  alcohol,  from  which  it  crystallizes  in  needles  or 
prisms,  melting  at  149'5 — 150'5°.2 

Dinitropyrene,  C16H8(N02)2,  is  prepared  by  boiling  pyrene 
with  nitric  acid  of  sp.  gr.  T45,  and  crystallizes  from  acetic  acid 
in  slender  yellow  needles,  which  are  sparingly  soluble  in  alcohol 
(Graebe). 

Tetranitropyrcne,  C16H6(N02)4,  was  obtained  by  Graebe  by  the 
long  continued  boiling  of  pyrene  with  concentrated  nitric  acid. 
It  is  scarcely  soluble  in  alcohol,  sparingly  in  boiling  acetic  acid, 
from  which  it  crystallizes  in  lustrous  yellow  plates  or  broad 
needles. 

Amidopyrene,  C16H9NH2,  is  formed  by  reducing  nitropyrene 
with  tin  and  hydrochloric  acid,  and  crystallizes  from  dilute 
alcohol  in  lustrous  quadratic  plates,  which  form  bronze-coloured 
films  with  a  metallic  lustre  on  filter-paper.  It  melts  at  116°, 
and  its  alcoholic  or  acid  solution  shows  a  beautiful  blue 
fluorescence  which  is  intensified  by  dilution.  Thus  if  just 
sufficient  of  the  solution  to  wet  the  sides  be  placed  in  a  flask  it 
appears  as  though  the  whole  flask  were  of  blue  glass.  The 
alcoholic  solution  of  the  hydrochloride,  which  crystallizes  in 
beautiful  needles,  colours  pine-wood  deep-red  (Goldschmiedt). 

Diamidopyrene,  C18rI8(NH2)2,  is  prepared  by  the  reduction  of 
dinitropyrene  with  tin  and  hydrochloric  acid.  Its  hydrochloride 
forms  slender  yellow  needles,  and  readily  undergoes  decom- 
position ;  the  free  base  is  also  very  unstable,  but  its  solution  has 
even  a  more  intense  blue  fluorescence  than  that  of  amidopyrene.3 

Pyrenesulphonic  acid,  C16rI9.SOsH,  is  obtained  by  heating 
pyrenedisulphonic  acid.  After  the  melt  has  assumed  a  red 
colour,  the  heating  is  continued  for  a  few  minutes,  and  the  mass 
then  added  to  dilute  sulphuric  acid.  Potassium  pyrenesulphonate, 
C16rI9.S03H  +  H20,  separates  out,  and  crystallizes  from  alcohol 
in  microscopic  needles. 

Pyrenedisulphonic  acid,  C16H8(S03H)2,  is  formed  by  warming 
pyrene  with  concentrated  sulphuric  acid.  From  the  product 
the  lead  salt  is   prepared,  and  its   solution   decomposed  with 

1  Goldschmiedt,  Monatsh.  2,  580.  2  Hintz,  Bcr.  10,  2143. 

3  Jahoda,  Moiialsh.  8,  449. 
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sulphuretted  hydrogen.  On  evaporating  the  nitrate  a  green 
pasty  mass  is  obtained,  which  dissolves  in  water  with  a  green 
colour,  the  solution  showing  a  green  fluorescence.  The  potassium 
salt,  G1BH8(S03K)2,  is  precipitated  from  its  aqueous  solution  by 
alcohol  as  a  pale  yellow  powder  containing  water,  and  consisting 
of  microscopic  prisms  (Goldschmiedt  and  Wegscheider). 

2707  Pyrenequinone,  C16H802,  was  obtained  by  Graebe  by  the 
action  of  chromium  trioxide  on  a  hot  acetic  acid  solution  of 
pyrene.  It  is  best  prepared  in  the  following  manner  :  10  grams  of 
finely-powdered  pyrene  are  carefully  warmed  with  15  grams  of 
potassium  dichromate  and  110  grams  of  sulphuric  acid  diluted 
with  four  times  its  volume  of  water,  the  heating  being  continued 
for  an  hour  after  the  somewhat  vigorous  evolution  of  carbon 
dioxide  has  moderated.  The  red  powder  which  separates  out  is 
well  washed,  and  repeatedly  digested  with  sodium  carbonate 
solution  at  50°  to  remove  the  anhydride  of  pyrenic  acid,  which 
is  also  formed  in  the  reaction.  The  residue  is  then  repeatedly 
crystallized  from  boiling  acetic  acid,  with  addition  of  animal 
charcoal,  until  it  is  found  on  microscopic  examination  to  be  free 
from  pyrene.1 

Pyrenequinone  forms  pale  brick-red  lustrous  needles,  which 
are  scarcely  soluble  in  alcohol,  ether,  chloroform,  and  benzene, 
but  readily  in  hot  acetic  acid  and  nitrobenzene,  and  also  in 
solutions  of  acid  sodium  sulphite.  It  melts  at  282°,  becoming 
black  at  the  same  time,  and  sublimes  on  careful  heating  in  dark- 
brown  needles  with  a  green  metallic  lustre,  or  in  purple-red 
matted  needles.  When  a  drop  of  aqueous  caustic  soda  is  added 
to  its  alcoholic  solution,  the  latter  assumes  a  beautiful  bordeaux- 
red  colour,  which  does  not  disappear  on  shaking  in  the  air ;  it 
is  therefore  not  an  ortho-diketone,  as  the  colouration  given  by 
members  of  the  latter  group  is  not  permanent  in  the  presence 
of  air.2  A  further  proof  of  this  is  that  it  yields  no  quinoxaline 
with  o-diamidotoluene  (Part  III.,  p.  73).  On  heating  with  zinc 
dust  in  a  current  of  hydrogen  it  is  again  reduced  to  pyrene. 

Pyrenequinol,  C16H8(OH)2  is  formed  by  warming  the  quinone 
with  ammonia  and  zinc  dust,  a  yellow  solution  being  thus 
obtained,  which  quickly  becomes  red  in  the  air.  When  the 
solution  is  filtered  in  absence  of  air  and  allowed  to  drop  into 
dilute  hydrochloric  acid,  pyrenequinol  separates  as  a  yellow 
crystalline  precipitate,  which  dissolves  in  alcohol  with  a  dark- 
blue  fluorescence,  and  rapidly  oxidizes  in  the  air. 

1  Goldschmiedt,  Monatsh.  4,  309  ;  Bamberger  and  Philip,  AmxaUn,  240, 165. 
s  Bamberger,  Ser.  18,  865. 
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Diacetylpyrenequinol,  C16H8(O.C2H30)2,  is  formed  by  boiling 
pyrenequinol  with  acetic  anhydride  and  sodium  acetate,  and 
separates  on  evaporating  its  benzene  solution  as  a  glittering 
crystalline  powder,  melting  at  166 — 167°  (Goldschmiedt). 

Pyrcnic  acid,  C13H60(C02H)2,is  formed  by  the  further  oxidation 
of  pyrenequinone  with  potassium  dichromate  and  sulphuric  acid. 

C16H802  +  50  =  C15H805  +  C02. 
It  is  precipitated  from  its  alkaline  solutions  by  hydrochloric 
acid  in  beautiful  pale-yellow  plates,  which  blacken  above  250°, 
part  of  the  compound  subliming  as  anhydride.  It  is  sparingly 
soluble  in  alcohol,  more  readily  in  boiling  acetic  acid  and 
acetone ;  it  is  also  dissolved  by  sulphuric  acid,  forming  an 
orange-red  solution,  and  separates  on  addition  of  water  in  pale- 
yellow  flakes.  When  dissolved  in  dilute  caustic  soda,  and  then 
mixed  with  a  concentrated  solution  of  the  latter,  sodium  pyrenate 
is  precipitated  in  beautiful  golden-yellow  plates. 

Barium  pyrenatc,  C13H60(C02)2Ba  +  H20,  is  a  voluminous 
ochre-yellow  precipitate,  which  becomes  anhydrous  at  130°. 

Pyrcnic  anhydride,  C13H0O(CO)2O,  is  best  prepared  by  boiling 
the  acid  with  acetic  acid,  and  crystallizes  out  on  cooling  in  short, 
lustrous  golden-yellow  prisms.  On  oxidation  with  alkaline 
potassium  permanganate  it  yields  naphthalenetetracarboxylic 
acid,  C10H4(CO2H)4  (p.  336). 

Pyrenimidc,  C13H60(CO)2NH,  is  formed  by  dissolving  the 
acid  in  ammonia,  and  quickly  separates  out  in  beautiful  glisten- 
ing yellow  plates. 

Phenylhydrazoncpyrcnic  acid,  C12H6(C  :  N.NHC6H5)(C02H)2 
+  2H20,  separates  out  when  solutions  of  sodium  pyrenate  and 
phenylhydrazine  hydrochloride  are  mixed.  It  crystallizes  in 
brass-yellow  lustrous  plates,  which  on  drying  assume  a  beautiful 
bronze  lustre. 

The  formation  of  this  compound  shows  that  in  addition  to 
two  carboxyl  groups,  pyrenic  acid  contains  a  carbonyl  group, 
which  is  further  confirmed  by  the  fact  that  hydroxylamine 
hydrochloride  also  forms  an  oxime  when  mixed  with  a  solution  of 
sodium  pyrenate.  Oximidopyrenic  acid,  C12H8(C  :  N.OH)(C02H)„, 
crystallizes  in  yellow,  glistening  plates. 

Pyreneketone,  C12H8(CO),  is  formed  when  barium  pyrenate  is 
heated  with  a  little  slaked  lime  : 

C12H6(CO)(C02H)2  =  C12H8(CO)  +  2C02. 
It  crystallizes   from  alcohol    in  large  yellow  lustrous    needles, 
melts  at  142°,  is  sparingly  soluble  in  water,  and  only  volatile 
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with  difficulty  in  steam.  When  it  is  dissolved  in  a  freshly- 
prepared  solution  of  acid  sodium  sulphite,  thick,  white  lustrous 
prisms  separate  after  a  time,  which  are  decomposed  by  acids 
with  separation  of  the  ketone.  It  does  not  reduce  ammoniacal 
silver  solution,  or  redden  fuchsine-sulphurous  acid,  and  is  there- 
fore not  an  aldehyde.  It  dissolves  in  fuming  hydrochloric  acid, 
forming  a  purple-red  solution,  from  which  the  ketone  is  repre- 
cipitated  by  the  addition  of  water. 

On  oxidation  with  potassium  permanganate  it  yields  naphthalic 
acid  or  naphthaleneperidicarboxylic  acid  (p.  320)  ;  the  formation 
of  the  latter  compound,  as  well  as  that  of  naphthalenetetra- 
carboxylic  acid  from  pyrenic  acid,  proves  that  pyrene  is  a 
derivative  of  naphthalene.  The  latter  acid  is  probably  a 
di-peri-derivative,  the  carboxyl  groups  occupying  the  positions 
1:4:4'  :  1',  whence  it  follows  that  pyrene  and  pyrenequinone 
must  contains  four  carbon  atoms  in  these  positions.  As  pyrene- 
quinone is  not  an  o-diketone,  its  constitution  must  be  repre- 
sented by  one  of  the  following  formulae  : 


CO 

/\ 
HC CH 


CH 
HO      CO 


c    c 

HC      C      CH 

I       II       1 
HC      C      CH 

c    c 


c     c 

HC     C      CH 

I       II       I 
HC     C      CH 

c    c 


HC CH 

\/ 
CO 


HC      CO 

%/ 
CO 


If  this  be  correct,  pyrene  will  then  be  represented  by  one  of 
the  following : 


Ditrimethenylnaphthalene. 
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The  facts  above-mentioned  do  not  suffice  to  decide  between 
these  formulae,  but  Jahoda 1  has  since  found  that  when  amido- 
pyrene  is  heated  with  glycerol,  sulphuric  acid,  and  nitrobenzene, 
it  is  converted  into  pyrenoline,  C19HUN,  which  contains  the 

following  group : 
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This  can  only  be  formed  if  amidopyrene  contains  the  group 
—  HC— C.NH2,  i.e.  if  pyrene  contains  the  group  —  HCzrrCH  — ; 
hence  the  constitution  of  the  latter  is  represented  by  the  second 
of  the  formulas  given  above,  and  that  of  amidopyrene  by  one  of 
the  following : 
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The  other  derivatives  have  therefore  the  following  constitu- 
tion : 

Pyrenic  Acid.  Pyreneketone. 

HO.COx  /CH.X  /CH*. 

>c10h/      >CH  C10Ho<       >CH. 

ho.cq/       xco/  Nxk 


Pyrenecarboxylic  acid,  C16Hg.C02H,  is  formed  when  the  nitrile 
is  fused  with  caustic  potash  and  a  little  water,  and  separates  on 
addition  of  dilute  sulphuric  acid  to  the  alkaline  solution  as  an 
opalescent  gelatinous  precipitate.  When  its  solution  in  a 
mixture  of  alcohol  and  ether  is  allowed  to  evaporate  it  separates 
in  yellow  nodules,  which  melt  at  267°,  and  are  readily  soluble 
in  absolute  alcohol.  On  carefully  warming  it  sublimes  in  long 
needles,  but  when  quickly  heated  partially  decomposes  into 
carbon  dioxide  and  pyrene,  a  reaction  which  becomes  complete 
in  presence  of  lime. 

1  Monatsh.  Q   442. 
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Pyrenecarbonitrile  or  Pyrene  cyanide,  C16H9.CN,  is  prepared 
"by  heating  potassium  pyrenedisulphonate  with,  anhydrous 
potassium  ferrocyanide  and  iron  filings.  It  crystallizes  from 
alcohol,  acetic  acid,  and  benzene  in  white  or  more  or  less 
greenish-coloured  needles,  which  melt  at  149 — 150°.  All  its 
solutions  show  a  green  fluorescence. 

Its  jpicrate,  2C16H9.CN  +,  CgHg^NO^O,  crystallizes  in  brick- 
red  needles,  melting  at  133 — 134°,  which  are  resolved  into  their 
constituents  by  hot  water  and  cold  alcohol. 

In  the  preparation  of  this  nitrile,  that  of  pyrenedicarboxylic 
acid  is  also  obtained  in  small  quantity  ;  it  is  a  yellow  granular 
powder,  which,  like  the  corresponding  acid,  melts  above  3000.1 

1  Goldschmiedt  and  "Wegsclieider,  Monaish.  4,  252. 
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DIPHENYL   GROUP. 

2708  Diphenyl,  C12H10,  was  first  obtained  by  Fittig  by  acting 
with  sodium  on  bromobenzene  diluted  with  an  equal  volume  of 
ether.1  He  then  found  that  it  is  not  necessary  to  prepare  pure 
bromobenzene,  and  proceeded  as  follows  :  a  mixture  of  equal 
molecular  proportions  of  bromine  and  benzene  was  allowed  to 
remain  in  diffused  daylight,  as  long  as  hydrogen  bromide  was 
evolved,  the  latter  being  collected  in  water.  After  eight  to 
fourteen  days,  the  free  bromine  was  removed  by  caustic  soda, 
and  the  mixture  of  bromobenzene  and  benzene  washed  with 
water,  dried  by  calcium  chloride,  fractionated,  and  then  heated 
with  sodium.2 

Berthelot  then  found  that  it  is  also  formed  when  benzene 
vapour  is  passed  through  a  red-hot  iron  tube  filled  with  broken 
glass.3 

2C6He  —  C6H5.C,.H5  +  H2. 

Bronner  observed  its  formation  in  small  quantity  when 
benzoic  acid  is  distilled  with  lime,  and  pointed  out  that  it  was 
probably  frequently  formed  as  a  decomposition  product  together 
with  benzene.4  Thus  Laurent  and  Chancel,  in  passing  ammonium 
benzoate  over  heated  baryta,  obtained  besides  benzonitrile  a 
crystalline  hydrocarbon,  which  was  also  formed,  together  with 
benzophenone,  by  the  distillation  of  calcium  benzoate.5  This 
hydrocarbon  was  doubtless  diphenyl,  as  was  also  the  "  metanaph- 
thalene"  obtained  by  Pelletier  and  "Walter,  together  with 
benzene  and  other  hydrocarbons,  by  the  distillation  of  the  resin 
from  Pinus  maritime*, 6  (Pt.  IV.,  p.  3).     Bronner  therefore  con- 

1  Annalcn,  121,  361.  2  Annalen,  132,  201. 

3  Annalcn,  142,  252.  4  Annalen,  151,  50. 

5  Annalcn,  72,  279 ;  80,  285  ;  Jahresb.  1849,  325. 
s  Ann.  Chirn.  Phys.  67,  269  ;  Fogg.  Ann.  44,  81. 
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eluded  that  diphenyl  must  be  present  in  coal  tar,  an  assumption 
which  was  proved  by  Fittig  and  Buchner,1  and  by  Schultz.2 

Its  formation,  together  with  benzene,  by  heating  phthalic 
anhydride  with  lime,3  or  phenol  with  potassium,4  may  be  readily 
understood.  It  is  also  formed  in  quantity  by  passing  a  mixture 
of  benzene  and  stannic  chloride  through  a  red-hot  tube  : 5 

206H8  +  SnCl,  =  C12H10  +  2HC1  +  SnCl2. 

It  is  best  and  most  simply  prepared  by  Berthelot's  method,6  in 
which  small  quantities  of  acetylene,  diphenylbenzene,  isodiphenyl- 
benzene  and  other  hydrocarbons,  together  with  free  hydrogen 
and  carbon,  are  also  obtained.7  Liiddens  recommends  passing  a 
mixture  of  benzene  vapour  and  carbon  dioxide  through  an  iron 
tube  filled  with  pumice-stone,  and  heated  to  a  bright-red  heat, 
the  dilution  with  carbon  dioxide  lessening  the  formation  of 
carbon  and  hydrogen.  The  product  is  returned  to  the  dis- 
tillation flask,  two-thirds  again  distilled  over,  and  this  process 
repeated  several  times,  the  product  being  finally  heated  on  the 
water-bath,  and  the  diphenyl  driven  over  with  steam.8 

According  to  Schmidt  and  Schultz,  the  following  process  is 
more  suitable.  An  iron  tube,  heated  in  an  inclined  combustion 
furnace,  has  at  the  upper  end  a  separating  funnel,  from  which 
benzene  may  be  slowly  dropped  at  the  rate  of  20  drops  per 
minute ;  the  funnel  also  forms  a  safety  tube.  The  lower  end 
of  the  tube  is  connected  with  a  flask,  which  is  heated  in  the 
water-bath,  where  the  diphenyl  condenses,  whilst  the  benzene 
vapour  passes  on  to  a  condenser,  the  condensed  liquid  retaining 
any  diphenyl  which  is  carried  along  by  the  acetylene  and 
hydrogen  formed  in  the  reaction.9 

For  the  preparation  of  large  quantities  of  diphenyl  the 
apparatus  of  La  Coste  and  Sorger  (Fig.  1)  is  employed,  which 
allows  the  benzene  vapour  to  be  continuously  kept  at  a  red  heat 
for  several  weeks,  and  may  be  suitably  employed  for  other  similar 
purposes.10 

1  Bcr.  8,  22.  2  Ber.  17,  1203. 

3  Anschiitz  and  Schultz,  Jnnalcn,  196,  48. 

4  Christomanos,  Ber.  9,  83. 

6  Aronheim,  Ber.  9,  1898  ;  W.  Smith,  Her.  17,  722. 

6  Fittig  and  Doebner,  Annalen,  V72,  109. 

7  Berthelot,  loe.  oil.  ;  Schmidt  and  Schultz,  Annalen,  203,  H8. 

8  Bcr.  8,  870.  '  Annalen,  203,  108. 
"  Annalen,  230,  1- 
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A  bolt-head  of  6 — 8  litres  capacity  is  half  filled  with  benzene, 
and  heated  by  means  of  a  gas-stove  covered  with  a  double  layer 
of  wire  gauze.  The  bolt-head  is  closed  by  a  trebly-bored 
india-rubber  stopper.  Through  one  of  the  holes  is  passed  a 
leaden  tube  cut  off  obliquely,  the  upper  portion  of  which  forms 
a  T  joint  with  a  wider  tube  of  the  same  metal.  During  the 
operation  the  lower  end  of  the  latter  is  closed  by  a  glass  stopper, 
surrounded  by  an  india-rubber  ring,  whilst  the  upper  end  is 
soldered  to  an  iron  tube,  which  is  heated  to  a  bright-red  heat 
in  an  inclined  furnace.  The  upper  portion  of  the  iron  tube  is 
bent  downwards,  and  soldered  to  a  tube  connected  with  a  leaden 
cylinder  30  cm.  in  length  and  6  cm.  in  diameter.  To  prevent  the 
joint  being  melted,  the  portion  of  the  iron  tube  between  the 


Fig.  l. 


furnace  and  the  condenser  is  kept  cool  by  aUowing  the  water 
from  the  condenser  to  pour  over  it.  The  leaden  cylinder  has 
an  outlet  near  the  top  leading  to  a  reflux  condenser,  from  the 
top  of  which  a  tube  passes  downwards  to  a  flask  half  filled  with 
water,  serving  as  an  outlet  for  the  gases  formed  in  the  reaction. 
To  the  bottom  of  the  cylinder  a  narrow  leaden  tube  about 
70  cm.  m  length  is  attached,  and  connected  by  a  screw  joint 
to  a  similar  tube  which  conveys  the  condensed  products  back 
to  the  distillation  flask.  The  benzene  vapours  thus  pass 
continuously  through  the  heated  tube,  whilst  the  diphenyl 
accumulates  in  the  flask.  The  latter  is  also  connected  with  an 
empty  safety  flask. 

The  apparatus  requires  very  little  watching ;  losses  can  scarcely 
take  place,  as  if  the  tubes  become  blocked  the  distillate  and 
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contents  of  the  distillation  flask  simply  pass  into  the  safety  flask. 
The  contents  of  the  bolt-head  are  collected  from  time  to  time 
and  distilled ;  after  removal  of  the  benzene,  the  diphenyl, 
of  which  the  yield  is  very  satisfactory,  only  contains  slight 
quantities  of  higher  boiling  products,  and  is  pure  enough  for 
ordinary  purposes  after  a  single  distillation. 

Diphenyl  may  also  be  obtained  from  aniline  by  diazotizing, 
and  adding  first  alcohol  and  then  gradually  copper  powder, 
stirring  vigorously  during  the  operation,  allowing  to  stand  for 
an  hour,  and  distilling  with  steam.  As  soon  as  the  distillate 
gives  a  solid  precipitate  with  water  it  is  collected  until  no  more 
crystals  of  diphenyl  pass  over,  the  yield  being  about  22  per  cent. 
In  place  of  copper,  zinc  dust  or  iron  powder  may  be  employed.1 
Diphenyl  is  also  one  of  the  products  of  the  action  of  stannous 
chloride  on  diazobenzene  chloride.2 

2709  Diphenyl  is  readly  soluble  in  hot  alcohol  and  ether,  less 
so  in  the  cold  liquids,  and  crystallizes  in  large  transparent, 
lustrous,  brittle  plates  or  monosymmetric  tablets,3  which  have 
the  sp.  gr.  T165.  It  has  a  pleasant  though  peculiar  odour, 
melts  at  705°,  and  boils  at  254°,  yielding  a  vapour  of 
sp.  gr.  5"36.4 

It  is  not  attacked  by  dilute  nitric  acid,  or  by  dilute  sulphuric 
acid  and  potassium  dichromate  (Fittig),  but  is  converted  by 
chromium  trioxide  in  acetic  acid  solution  into  benzoic  acid. 
Most  of  its  substitution  products  yield  substituted  benzoic 
acids  on  similar  treatment,  and  the  reaction  is  employed  for 
ascertaining  their  constitution. 

To  distinguish  the  numerous  substitution  products  of  diphenyl 
the  carbon  atoms  are  numbered  in  the  following  manner : 

3'  2'  2__3 

5^6'  6    5 

They  are  frequently  termed  also  ortho-  meta-  and  para-com- 
pounds, but  this  leads  in  many  cases  to  a  good  deal  of  confusion, 
and  the  numbers  will  therefore  be  here  employed  throughout 

1  Gattermann  and  Ehrhardt,  Ber.  23,  1225. 

2  Culmann  and  Gasiorowsky,  J.  Pr.  Chem.  II.  40,  97. 

3  Bodewig,  Zcitsch.  Krystallog.  3,  411. 

*  Schmidt  and  Schultz,  Annalen,  203,  123. 
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By  the  action  of  chlorine  on  diphenyl  two  monochlorodiphenyls 
are  obtained,  one  of  which  yields  on  oxidation  j>-chlorobenzoic 
acid,  and  the  other  o-chlorobenzoic  acid ;  they  have  therefore 
the  following  constitutional  formulae  : 

4-Chlorodiphenyl.  2-CMorodiphenyl. 

CI 

/-\_/"~\ci  /~\_/~\ 

\_/  \_/  \_/  \_/ 

On  further  treatment  with  chlorine  a  dichlorodiphenyl  is 
obtained  which  likewise  yields  ^j-chlorobenzoic  acid  on  oxidation, 
and  would  therefore  appear  to  be  a  2  : 4-compound.  This  is 
however  not  the  case,  as  it  is  also  obtained  by  the  diazo-reaction 
from  4  :  4'-diamidodiphenyl : 


-ta2i>l  \        /     \         A^  -n-2- 


The  constitution  of  the  diamido  derivative  is  shown  by  the 
fact  that  it  is  formed  by  the  reduction  of  the  4 :  4'-dinitro- 
compound.  The  latter  may  be  converted  into  nitramido- 
diphenyl,  C12H8(N02)NH2,  and  this  into  nitrobromodiphenyl, 
C12H8(N02)Br,  which  on  oxidation  yields  a  mixture  of  _p-nitro- 
benzoic  acid  and  ^-bromobenzoic  acid. 

By  the  action  of  nitric  acid,  diphenyl  yields  first  a  mixture 
of  two  mononitro-compounds,  one  of  which  is  converted  on 
oxidation  into  £>-nitrobenzoic  acid,  whilst  the  second  is  com- 
pletely oxidized  by  chromic  acid,  a  reaction  characteristic  of 
ortho-compounds.  That  the  nitro-group  does  really  occupy  the 
position  2-,  is  shown  by  the  fact  that,  if  the  nitro-group  be 
replaced  by  bromine,  a  bromodiphenyl  is  formed  which  on 
oxidation  yields  o-bromobenzoic  acid.  Of  the  two  mononitro- 
diphenyls,  the  first  yields  the  4  : 4'-compound  on  further  nitration, 
whereas  the  second  forms  a  dinitrodiphenyl,  which  on  oxidation 
is  converted  into  j9-nitrobenzoic  acid,  and  has  therefore  the 
constitution  : 

N02 

NO/"     V-/      \ 
2\_/     \_/ 

The  constitution  of  the  other  diphenyl  derivatives  has  been 
determined  in  a  similar  manner. 
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Dihydrodiphenyl,  C12H12,  is  obtained  by  tbe  action  of  alcoholic 
potash  on  tetrahydrodiphenyl  dibromide,  and  forms  an  oily 
liquid  which  has  a  smell  resembling  diphenyl,  and  boils  at 
247 — 249°.  Like  all  partially  hydrogenized  aromatic  hydro- 
carbons it  yields  a  dibromide  -which  evolves  hydrogen  bromide 
on  heating,  and  is  converted  into  hydrogen  bromide  and 
diphenyl  by  alcoholic  potash.1 

Tetrahydrodiphenyl,  C12HU,  is  prepared  by  the  action  of 
sodium  on  a  boiling  solution  of  diphenyl  in  amyl  alcohol.  It 
is  a  clear  thick  liquid,  has  a  faint  smell  resembling  diphenyl, 
and  boils  at  244'8°  (716  mm.),  diphenyl  under  the  same  pressure 
boiling  at  232-9°.2 

Tetrahydrodiphenyl  dibromide,  C12HuBr2,  is  formed  when  a 
dilute  chloroform  solution  of  the  calculated  quantity  of  bromine 
is  added  to  a  similar  solution  of  the  foregoing  compound  cooled 
with  ice  and  salt.  It  is  a  heavy  yellow  oily  liquid,  which 
evolves  hydrogen  bromide  on  gently  warming. 

Bromotetrahydrodiphenyl  dibromide,  C12HlgBr3,  is  formed  when 
twice  the  above  quantity  of  bromine  is  taken,  and  crystallizes 
from  a  mixture  of  boiling  alcohol  and  benzene  in  refractive 
glassy,  rhombic  tablets,  -which  are  sparingly  soluble  in  alcohol 
and  ether,  and  melt  at  134°.  It  is  converted  by  alcoholic  potash 
into  Iromodihydrodiphenyl,  C^H^Br,  a  yellow  oil  which  splits  up 
completely  on  distillation  into  hydrogen  bromide  and  diphenyl. 
It  combines  with  bromine,  forming  bromodihydrodiphenyl  di- 
bromide, C12HuBr3>  which  readily  decomposes  into  hydrogen 
bromide  and  bromodiphenyl. 


HALOGEN  SUBSTITUTION  PRODUCTS  OF 
DIPHENYL. 

2710  Chlorine  alone  acts  on  the  fused  hydrocarbon  with 
great  difficulty,  but  on  addition  of  antimony  pentachloride  two 
monochlorodiphenyls  and  a  dichlorodiphenyl  are  obtained. 

2-CMorodiphenyl,  C12H9C1,  crystallizes  in  beautiful  mono- 
symmetric  pyramids,  melts  at  34°,  and  boils  at  267—268°.  It 
dissolves  in  benzene  like  sugar  in  hot  water,  and  is  also  readily 

1  Bamberger  and  Lodter,  Bcr.  21,  836. 
3  Bamberger  and  Lodter,  Bcr.  20,  3073. 
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soluble  in  light  petroleum.  Chromium  tricfxide  converts  its 
acetic  acid  solution  into  o-chlorobenzoic  acid.1 

i-CMorodiphenyl,  C12H9C1,  was  first  obtained  by  Schultz  by 
the  action  of  phosphorus  pentachloride  on  4-hydroxydiphenyl,2 
and  crystallizes  from  alcohol  or  light  petroleum  in  plates  which 
melt  at  75°,  and  evolve  an  odour  resembling  oranges,  especially 
on  warming.  It  is  somewhat  less  soluble  in  benzene  than  the 
ortho-compound,  boils  at  282°,  and  is  oxidized  by  chromium 
trioxide  to  j)-chlorobenzoic  acid. 

4  :  i'-Dichlorodiphenyl,  C1.C0H4.C6H4C1,  was  prepared  by  Griess 
from  tetrazodiphenyl  platinochloride  by  the  action  of  heat.3  It 
is  also  formed,  together  with  benzene,  diphenyl,  and  p-chloro- 
diphenyl,  when  the  vapour  of  chlorobenzene  is  passed  through 
a  red-hot  tube,4  by  acting  on  diphenyl  with  chlorine  in  presence 
of  iodine,  and  also  by  treating  4  : 4/-dihydroxydiphenyl  with 
phosphorus  pentachloride.5  It  crystallizes  from  hot  alcohol  in 
small  needles  or  lustrous  prisms,  melts  at  148°,  boils  at  315°, 
and  is  oxidized  by  chromic  acid  to  p-chlorobenzoic  acid. 

Pentaclilorodiplwnyl,  C12H5C15,  is  prepared,  together  with  the 
foregoing  compound  and  other  products,  by  the  action  of  phos- 
phorus pentachloride  on  dihydroxydiphenyl,  and  is  a  crystalline 
substance  which  melts  at  179°,  sublimes  in  long  needles,  and 
boils  much  higher  than  360°. 

Perclilorodiphenyl,  C12C110,  is  formed  by  the  exhaustive  chlor- 
ination  of  diphenyl  or  ditolyl  in  presence  of  iodine8  or  antimony 
chloride,7  or  by  heating  diphenyl  or  phenanthrene  quinone  with 
an  excess  of  antimony  chloride  to  360°.s  It  crystallizes  in 
tablets  or  prisms,  which  do  not  melt  at  270°,  and  are  not  con- 
verted into  perchlorobenzene  on  further  heating  with  antimony 
chloride,  but  remain  unaltered. 

2-Bromodiphmiyl,  C12H9Br,  is  obtained  from  o-amidodiphenyl 
by  the  diazo-reaction,  and  is  an  oily  liquid,  which  has  a  smell 
resembling  that  of  oranges,  boils  at  296 — 298°,  and  is  oxidized 
by  chromium  trioxide  in  acetic  acid  solution  to  jp-bromobenzoic 
acid.9 

4-Bromodiphenyl,  C12H9Br,  is  formed,  together  with  the  follow- 
ing compound,  when  bromine  is  added  to  a  cooled  solution  of 

1  Kramers,  Annalen,  189,  174.  '  Annalen,  174,  207. 

3  Jahresb.  1866,  463.  4  Kramers,  Annalen,  189,  135 

6  Schmidt  and  Schultz,  Annalen,  207.  6  Ruoff,  Ber.  9,  1941. 

T  Merz  and  Weith,  Ber.  12,  677  ;  Weber  and  Sollscher,  Bar.  16,  882. 

8  Merz  and  Weith,  Ber.  16,  2869. 

9  Schultz,  Schmidt,  and  Strasser,  Annalen,  207,  353. 


DIFLUODIPHENYL  373 


diphenyl  in  twice  its  weight  of  carbon  disulphide,  and  the 
mixture  allowed  to  stand  till  no  more  hydrogen  bromide  is 
evolved.  It  crystallizes  from  hot  water  in  plates,  melting  at 
89°,  and  has  a  pleasant  odour,  especially  on  warming,  also  re- 
sembling oranges.  It  boils  at  310°,  and  yields  j)-bromobenzoic 
acid  on  oxidation.1 

4  :  4<'-Dibromodiphenyl,  C0H4Br.C6H4Br,  is  a  very  characteristic 
compound,  which  was  prepared  by  Fittig  by  triturating  diphenyl 
with  bromine  under  water,2  whilst  Griess  prepared  it  from 
4  : 4'-diamidodiphenyl  by  the  diazo-reaction.  It  is  insoluble  in 
cold,  sparingly  soluble  in  hot  alcohol,  and  crystallizes  from  benzene 
in  thin  monosymmetric  prisms,3  which  melt  at  164°,  are  very 
refractive  and  have  a  strong  diamond  lustre.  According  to 
Carnelley  and  Thomson,  when  it  is  crystallized  from  carbon 
disulphide,  beautiful  octohedra  are  obtained  together  with  the 
prisms.  These  have  the  same  melting-point,  but  are  less 
readily  soluble  in  a  mixture  of  alchohol  and  ether.4 

4  :  4'-Dibromophenyl  boils  at  355 — 360°,  its  vapour  smelling 
like  oranges ;  chromic  acid  converts  it  into  j>-bromobenzoic  acid.5 

Tribromodiplienyl,  C6H4Br.C6H3Br2,  was  obtained  by  Carnelley 
and  Thomson  from  diphenyl  by  the  action  of  an  excess  of 
bromine.  It  is  very  sparingly  soluble  in  alcohol,  crystallizes 
in  silky  needles,  melts  at  90°,  and  also  yields  jj-bromobenzoic 
acid  on  oxidation. 

4  :  i'-Di-iododiphenyl,  C6H4I.C6H4I,  was  obtained  by  Schmidt 
and  Schultz  by  means  of  the  diazo-reaction  from  4  : 4'-diamido- 
diphenyl.  It  forms  yellow  plates  melting  at  202°,  sparingly 
soluble  in  cold,  readily  in  hot  acetic  acid,  and  on  oxidation 
yields  ^7-iodobenzoic  acid. 

4  :  4t -Difluodiphenyl,  C6H4F.C6H4F,  is  obtained  in  a  similar 
manner  to  the  fluo-derivatives  of  benzene  (Part  III.,  p.  100). 
Benzidine,  or  4  :  4'-diamidodiphenyl,  is  converted  into  a  tetrazo- 
compound,  which  on  addition  of  piperidine  yields  diphenyltetrazo- 
piperidide,  crystallizing  in  needles.  When  this  is  covered  with 
concentrated  hydrofluoric  acid  and  gently  warmed,  the  following 
reaction  takes  place  : 

CfiH4.N=N.NC5H10  C6H4F 

I6    4  5    10  +  4HF  =  |  +2C5H10NH.HF  +  2N2. 

C6H4.N=N.NC6H10  C6H4F 

1  Schultz,  Annalcn,  174,  207.  2  Annalen,  132,  201. 

8  Shadwell,  Annalcn,  203,  123.  4  Journ.  Chem.  Soc.  1885,  I.  586. 


Schultz,  Annalen,  174,  216. 
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Difluodiphenyl  crystallizes  well,  is  readily  soluble  in  alcohol 
and  ether,  melts  at  88—89°,  and  boils  at  254— 2550.1 


NlTEO-SUBSTITUTION   PRODUCTS   OF   DlPHENYL. 

2711  2-Nitrodiphenyl,  C12HD.N02,  is  formed  by  dissolving 
15  grams  of  diphenyl  in  60  grams  of  hot  acetic  acid,  and  after 
cooling  to  60°  adding  a  mixture  of  48  grams  of  fuming  nitric 
acid  mixed  with  an  equal  quantity  of  acetic  acid,  the  tempera- 
ture of  the  latter  being  30°.  A  slight  evolution  of  gas  takes 
place,  which  is  moderated  by  cooling.  When  the  solution  is 
cold,  the  4-derivative,  which  is  formed  simultaneously,  separates 
out  and  is  removed,  water  being  then  added  to  the  solution  as 
long  as  a  crystalline  precipitate  is  formed.  On  further  addition 
of  water  an  oil  separates,  which  is  dissolved  in  boiling  alcohol ; 
on  cooling  4-nitrodiphenyl  again  separates  out,  and  the  mother- 
liquor  on  evaporation  over  sulphuric  acid  deposits  compact 
crystals  of  the  2-derivative,  which  are  purified  by  recrystal- 
lization.2  It  forms  thin  plates,  or  thick  rhombic  tablets,  melts 
at  37°,  boils  at  about  320°  (Schultz,  Schmidt,  and  Strasser), 
and  is  only  attacked  with  great  difficulty  by  oxidizing  agents, 
but  is  then  completely  oxidized. 

4<-Nitrodiphenyl,  C12H9.]Sf02,  is  obtained  by  boiling  5  parts  of 
diphenyl  with  4  parts  of  concentrated  nitric  acid  and  10  parts 
of  acetic  acid,  or  by  pouring  3  parts  of  concentrated  nitric  acid 
on  to  2  parts  of  the  finely-divided  hydrocarbon,  and  after  some 
days  washing  the  product  with  water,  distilling  with  steam  to 
remove  unaltered  diphenyl,  and  recrystallizing  the  residue  from 
alcohol.3  It  may  further  be  prepared  by  dissolving  diphenyl 
in  8  parts  of  acetic  acid,  gradually  adding  about  the  same 
quantity  of  concentrated  nitric  acid  diluted  with  11  parts  of 
acetic  acid,  and  precipitating  the  pale-yellow  solution  with  water.4 
It  crystallizes  from  hot  alcohol  in  long,  colourless  needles, 
melts  at  113°,  boils  at  340°,  and  is  converted  by  chromium 
trioxide  into  p-nitrobenzoic  acid. 

2  : 2' ' -Dinitrodiphenyl  is  prepared  from  the  corresponding 
2  : 2'-dinitrobenzidine  (p.  406)  by  eliminating  the  amido-groups. 
It  crystallizes  from  alcohol  in  straw-yellow  needles,  which  melt 

1  "Wallach,  Annalcn,  235,  255  ;  "Wallach  and  Heusler,  Annalen,  243,  219. 

2  Osten  and  Liiddens,  Annalen,  209,  339.        »  Schultz,  Annalen,  174,  210. 
*  Schultz  and  Osten,  Annalen,  209    340. 
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at  124°,  and  when  further  heated  become  black  and  explode. 
It  is  almost  insoluble  in  water,  sparingly  soluble  in  light  petro- 
leum, readily  in  hot  alcohol,  benzene,  and  acetic  acid.1 

4  :  4s'-Dinitrodiphenyl,  N02.C6H4.C6H4.N02,  is  formed,  together 
with  the  following  compound  by  the  action  of  concentrated 
nitric  acid  on  diphenyl.2  In  order  to  prepare  it,  6  parts  of  con- 
centrated nitric  acid  and  1  part  of  sulphuric  acid  are  poured  on 
to  3  parts  of  diphenyl,  and  the  mixture  boiled  for  a  short  time 
as  soon  as  the  first  violent  reaction  is  over.  The  product  is 
boiled  with  water,  washed  and  purified  by  extraction  with 
alcohol.3  4  :  4'-Dinitrodiphenyl  crystallizes  in  long  slender  white 
needles,  which  melt  at  233°,  and  are  very  sparingly  soluble  in 
cold,  somewhat  more  readily  in  hot  alcohol.  It  is  not  attacked 
by  chromium  trioxide  in  acetic  acid  solution,  and  may  be  purified 
in  this  manner  if  it  still  possesses  a  yellowish  colour. 

2  :  4s  -Dinitrodiphenyl  is  contained  in  the  mother-liquors  of 
the  foregoing  compound,  and  is  also  formed  by  the  nitration  of 
2-nitrodiphenyl.  It  crystallizes  from  hot  alcohol  in  long  mono- 
symmetric  spear-shaped  crystals,  which  are  readily  soluble,  and 
melt  at  93'5°.  On  addition  of  chromic  acid  to  its  acetic  acid 
solution  no  action  takes  place,  but  on  warming  it  is  slowly  and 
completely  oxidized. 

3  :  S'-Dinitrodiphenyl  is  prepared  from  3  :  3'-dinitrobenzidine, 
C12H6(N02)2(NH2)2,  by  triturating  it  with  sulphuric  acid,  and 
adding  sufficient  water  to  the  solution  to  form  a  paste,  then 
carefully  adding  sodium  nitrite,  cooling  well  with  ice,  and  boiling 
the  clear  solution  with  absolute  alcohol.  It  crystallizes  from 
acetic  acid  or  alcohol  in  reddish-yellow  needles,  which  melt  at 
197— 198°,4 

Dichlorodinitrodiphenyl,  C12H0Cl2(NO2)2,  is  prepared  by  dis- 
solving dichlorodiphenyl  in  concentrated  nitric  acid ;  it  crystal- 
lizes from  hot  alcohol  in  small  needles,  and  from  benzene  in 
long  asymmetric  transparent  prisms,  which  melt  at  140° 
(Schmidt  and  Schultz). 

&-Bromo-4> ' -nitrodiphenyl,  C6H4Br.C6H4N02,  was  obtained  by 
Schultz  by  warming  4-bromodiphenyl  with  nitric  acid,  and  by 
converting  amidonitrodiphenyl  into  the  diazoperbromide,  and 
boiling  the  latter  with  alcohol.  It  is  scarcely  soluble  in  cold, 
and  only  with  difficulty  in  boiling  alcohol,  and  crystallizes  from 
boiling  toluene  in  long  white   needles  consisting  of  chains  of 

1  Timber,  Ber.  24,  197.  2  Fittig,  Jnnalen,  124,  275. 

3  Schultz,  Annalen,  174,  221.  4  Brunner  and  Witt,  Ber.  20,  1023. 
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small  rhombohedra,  which  melt  at  173°,  and  boil  above  360° 
almost  without  decomposition.  On  warming  it  with  chromium 
trioxide  in  acetic  acid  solution,  it  yields  a  mixture  of  ^J-bromo- 
benzoic  acid  and  p-nitrobenzoic  acid.1 

4-£romo-2' ' -nitrodiphenyl  is  formed  together  with  the  fore- 
going compound  by  nitrating  4-bromodiphenyl,  and  has  also  been 
obtained  from  the  corresponding  amidodinitrodiphenyl  by  the 
diazo-reaction.  It  separates  from  alcohol  in  beautiful,  lustrous, 
monosymmetric  prisms,  melts  at  65°,  boils  at  about  360°,  and  is 
oxidized  by  chromium  trioxide  to  j>-bromobenzoic  acid.2 

Dibromonitrodiphenyl,  C6H4Br.C6H3Br.N02,  is  formed  by  the 
addition  of  the  most  concentrated  nitric  acid  to  a  cold  acetic 
acid  solution  of  dibromodiphenyl,  and  separates  from  hot  alcohol 
in  crystals  melting  at  127°.3 

Dibromodinitrodiphenyl,  C12H6Br2(N02),,  is  prepared  by 
warming  dibromodiphenyl  with  fuming  nitric  acid.  It  is  very 
sparingly  soluble  in  alcohol,  and  crystallizes  from  benzene  in 
long  hair-like  needles,  which  melt  at  148°,  and  are  not  attacked 
by  chromium  trioxide.4 

Dibromotrinitrodiphenyl,  C12H6Br2(N02)3,  was  obtained  by 
Lellmann  by  dissolving  dibromodiphenyl  in  a  large  excess  of 
nitric  acid  of  sp.  gr.  To  5  ;  it  is  sparingly  soluble  in  alcohol,  from 
which  it  crystallizes  in  small  needles,  melting  at  177°. 

DlPHENYL-SULPHONIC    ACIDS. 

2712  BiphenylA-sulphonic  acid,,  C12H9.S03H,  is  formed 
together  with  the  disulphonic  acid  by  warming  diphenyl  with 
sulphuric  acid.  If  the  product  after  dilution  with  water  be 
boiled  with  cupric  oxide  and  then  cooled,  cupric  diphenyhulpho- 
nate  (C12H9.S03)2Cu  separates  in  pale-green  plates,  which  are 
sparingly  soluble  in  water  and  alcohol,  but  much  more  readily 
in  40  per  cent,  alcohol. 

Potassium  diphenylsulplionaU,  C12H9S03K  +  2H20,  forms 
hair-like  needles,  which  dissolve  readily  in  water  and  40  per 
cent,  alcohol.  On  heating  it  diphenyl  sublimes,  and  almost  pure 
potassium  diphenyldisulphonate  remains  behind  : 5 

2C12H9S03K  =  C12H10  +  C12H8(S03K)2. 

1  Annalen,  174,  218.  Annalen,  207,  351. 

3  Lellmann,  Be.r.  15,  2837. 

4  Fittig,  Annalen,  132,  201  ;  Schultz,  Annalen,  174,  218. 

5  Latschinow  and  Engelhardt,  Ber.  4,  163  ;  6, 191  ;  Beilstein's  Bandb.  2,  163. 
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Mhyl  diphenylsulphonate,  C12H9S08C2HB,  is  obtained  by  acting 
with  ethyl  iodide  on  the  silver  salt,  and  crystallizes  in  long 
needles,  melting  at  73 — 740.1  The  silver  salt  itself  forms 
rhombic  tablets. 

Diphenylsulphochloride,  C12H9.S02C1,  is  prepared  by  the  action 
of  phosphorus  pentachloride  on  the  potassium  salt,  and  crystal- 
lizes from  acetic  acid  in  prisms,  melting  at  115°.  If  its  moist 
ethereal  solution  be  treated  with  sodium  amalgam,  it  yields 
diphenylsulphinic  acid,  C12H9.S02H,  which  separates  on  addition 
of  hydrochloric  acid  as  a  fine  granular  crystalline  precipitate. 
At  the  same  time  the  reduction  proceeds  further,  diphenyl  being 
formed  in  considerable  quantity  (Gabriel  and  Deutsch) : 

C12H9S02C1  +  H2  =  C12H10  +  S02  +  HC1. 

Diphenylsulphamide,  C12H9.S02.NH2,  is  formed  by  heating 
the  chloride  with  alcoholic  ammonia  at  100°,  and  crystallizes 
from  alcohol  in  spherical  aggregates  of  slender  needles,  melting 
at  227—230°. 

4>-NitrodiphenylA'-sulphonic  acid,  N02.C6H4.C6H4.S03H,  is  ob- 
tained by  warming  4-nitrodiphenyl  with  concentrated  sulphuric 
acid.  Its  sodium  salt  crystallizes  in  anhydrous,  sparingly  soluble 
nacreous  plates,  and  is  converted  by  phosphorus  pentachloride 
into  nitrodiphenyl  sulphochloride,  C12Hg(N02)S02Cl,  which  is 
also  formed  when  diphenyl-4-sulphochloride  is  dissolved  in 
fuming  nitric  acid,  showing  that  it  is  a  4  : 4'-compound.  It 
crystallizes  from  acetic  acid  in  needles,  melting  at  178".2 

Diphenyl-4<-4<'-disulphoiuc  acid,  C6H4(S03H)C6H4.S08H,  was 
prepared  by  Fittig  by  dissolving  diphenyl  in  warm  sulphuric 
acid.  Its  solution  solidifies  over  sulphuric  acid  in  long  prisms, 
which  melt  at  72p5°,  and  deliquesce  in  the  air,  forming  an  oil 
having  the  strongest  resemblance  to  concentrated  sulphuric  acid. 
Its  salts  also  so  closely  resemble  the  sulphates  that  an  admixture 
of  the  latter  is  very  difficult  to  detect. 

Potassium  diphenyldisulphonate,  2C10H8(SO8K)2  +  5H20, 
crystallizes  in  long  transparent  prisms,  which  are  less  soluble  in 
water  than  potassium  sulphate.  An  acid  salt  could  not  be 
obtained ;  on  adding  to  a  solution  of  the  acid  one-half  the 
quantity  of  potassium  carbonate  necessary  for  complete  satura- 
tion, and  evaporating,  large  rhombohedra  of  the  composition 
C10H8(SO3K)2  +  2H20  separate  out. 

1  Gabriel  and  Deutsch,  Ber.  13,  386. 

2  Gabriel  and  Dambergis,  Ber.  13,  1408. 
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The  cold  solution  is  not  precipitated  by  calcium  chloride ;  on 
warming,  however,  the  calcium  salt  separates  as  a  crystalline 
precipitate  which  is  scarcely  soluble  in  boiling  water.  This 
reaction  is  very  characteristic,  and  may  be  used  for  the  detection 
of  the  acid. 

Barium  chloride,  when  added  to  a  boiling  solution  of  the 
potassium  salt,  gives  a  crystalline  precipitate,  which  is  almost  as 
insoluble  in  water  and  acids  as  barium  sulphate. 

The  lead  salt  is  a  heavy  crystalline  precipitate  soluble  in  acids, 
whilst  the  silver  salt,  obtained  by  adding  silver  nitrate  to  a  hot 
saturated  solution  of  the  potassium  salt  crystallizes  in  small  plates.1 

DiphenyldisulpJwchloride,  C12H8(S02C1)„,  crystallizes  from 
acetic  acid  in  prisms  which  have  a  glassy  lustre,  and  become 
brown  and  melt  at  203°. 

Diphenyldisulphamide,  CijH^SOsjlNrrL,^,  separates  from  boiling 
water  in  slender  white  needles,  which  melt  above  300°,  and  are 
sparingly  soluble  in  alcohol  and  benzene,  more  readily  in  ether 
(Gabriel  and  Deutsch). 

4>-JVitrodiphenyl-4<'-sulphonic  acid,  C6H4(N02)C6H4.S03H,  is 
formed  by  warming  4-nitrodiphenyl  with  sulphuric  acid,  and 
separates  on  addition  of  water  as  a  white  precipitate  which 
dissolves  on  further  dilution.2 

The  sodium  salt,  C12H8(N02)(S03Na),  forms  small  plates 
sparingly  soluble  in  water,  and  the  barium  salt  [C12H8(N02) 
S03]2Ba,  crystallizes  in  slender,  lustrous  needles,  readily  soluble 
in  water  and  alcohol,  whilst  the  cupric  salt  [C12H8(N02)S03]2Cu 
+  4H20,  is  sparingly  soluble  and  forms  small  blue  rhombohedral 
crystals. 

NitrodipTicnylsulphocliloride,  C12H8(N02)S02C1,  is  obtained  by 
acting  on  the  sodium  salt  with  phosphorus  pentachloride,  or 
more  readily  by  dissolving  diphenylsulphochloride  in  fuming 
nitric  acid.  It  crystallizes  from  acetic  acid  in  needles  melting 
at  178°. 

Nitrodiphenylsutyhamide,  C12H8(N02)S02.NH2,  forms  crystals 
melting  at  228°. 

Nitrodiphenyldisulphochloride,  C12H7(N02)  (S02C1)2,  separates 
from  hot  acetic  acid  in  thick  yellowish  lustrous  crystals,  melting 
at  130— 131°. 

Dinitrodiphenyldisulphochloridc,  C12HG(N02)2(S02C1)2,  melts  at 
166°  (Gabriel  and  Dambergis). 

1  Annalen,  132,  209. 

2  Gabriel  and  Dambergis,  Bar.  13,  1408  ;  Liiddens,  Annalen,  209,  349. 
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HYDROXY-DERIVATIVES  OF  DIPHENYL. 

Hydroxydiphenyls,  C^H^OH. 

2713  ^-Hydroxydiphenyl,  or  Diphenylol,  is  prepared  by  melt- 
ing diphenyl-4-sulphonic  acid  with  potash,1  or  by  acting  with 
potassium  nitrite  on  a  solution  of  4-amidodiphenyl  sulphate.2 
It  crystallizes  in  silky  plates,  is  sparingly  soluble  in  cold, 
more  readily  in  hot  water,  melts  at  164 — 165°,  and  is  vola- 
tile with  steam.  It  boils  at  305 — 308°,  and  is  readily  taken 
up  by  hot  ammonia  or  sodium  carbonate  solution,  but  may  be 
extracted  from  the  solutions  by  ether. 

Acetyl-^-hydroxydiphenyl,  C12H9.O.CO.CH3,  forms  plates  which 
are  readily  soluble  in  alcohol  and  ether,  and  melt  at  88 — 89°. 

Benzoyl-4-hydroxydiphenyl,  C12H9.O.CO.C6H6,  crystallizes  in 
tablets,  melting  at  152°. 

Nitro-4*-hydroxydiphenyl,  C12H8(N02)OH,  is  formed  in  the  pre- 
paration of  diphenylol  from  amidodiphenyl,  and  also,  together 
with  the  following  compound,  by  the  action  of  nitric  acid  of 
sp.  gr.  1'2  on  diphenylol,  and  volatilizes  on  distillation  with 
steam.  It  crystallizes  from  ether  in  large  citron-yellow  prisms, 
melting  at  67°,  and  forms  red  salts  with  alkalis,  which  on 
warming  or  dissolving  in  water  readily  lose  part  of  the  acid. 

DinitroA-hydroxydiphenyl,  C^H^NO^OH,  crystallizes  from 
alcohol  in  lustrous  golden  plates,  which  melt  at  154°.  Its 
sparingly  soluble  potassium  salt,  C12H7(N02)2OK  +  2H20,  crys- 
tallizes in  ring-  or  ringlet-shaped  aggregates  of  plates. 

4s-Nitro-4i '-hydroxydiphenyl,  C6H4(N02).C6H4.OH,  is  obtained 
by  the  action  of  nitrous  acid  on  4-nitro-4'-amidodiphenyl,  and 
crystallizes  in  needles,  melting  at  170°.3 

2-Nitro-4<' -hydroxydiphenyl,  prepared  in  a  similar  manner 
forms  small  yellow  needles,  which  melt  at  13S°.4 

1  Latschinow,  Beilstein's  Handb.  2,  572. 

2  Hiibner,  Annalen,  209,  3*8  ;  Kaiser,  Annalen,  257,  101. 

3  Schmidt  and  Schultz,  Annalen,  207,  347. 

4  Schmidt  and  Schultz,  Annalen,  207,  351. 
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DlHYDROXYDIPHENYLS,  C12H8(OH)2. 

2714  At  the  present  time  five  of  these  are  known;  they  are 
also  termed  diphenols,  and  are  all  converted  on  heating  with 
zinc  dust  into  diphenyl. 

a-Diphenol  is  formed,  together  with  the  ^-compound,  salicylic 
acid,  hydroxybenzoic  acid,  and  a  resin  which  yields  diphenyl- 
benzene  on  heating  with  zinc  dust,  when  phenol  is  heated  with 
an  excess  of  caustic  potash  till  the  melt  has  attained  a  syrupy 
consistency.  It  is  then  dissolved  in  water,  acidified  with  sul- 
phuric acid,  and  extracted  with  ether.  The  solution  thus 
obtained  is  treated  with  aqueous  ammonium  carbonate,  the 
ether  distilled  off,  and  the  residue  fractionated  under  150  mm. 
pressure.  The  greater  portion  passes  over  at  310 — 330°,  and 
solidifies  to  a  hard  crystalline  cake,  which  is  dissolved  in  a  large 
quantity  of  hot  water,  and  mixed  with  a  little  lead  acetate. 
The  brown  flakes  which  separate  are  filtered  off,  the  filtrate 
precipitated  with  lead  acetate,  and  the  precipitate  after  washing 
triturated  with  hot  water  and  decomposed  by  sulphuretted 
hydrogen.  The  mixture  of  a-  and  /3-diphenol  is  extracted  with 
ether,  and  the  two  compounds  separated  by  fractional  crystal- 
lization from  hot  water,  in  which  the  /3-compound  is  much  less 
soluble. 

a-Diphenol  forms  long  slender  flat  needles,  melts  at  123°,  and 
is  readily  soluble  in  alcohol,  ether,  and  benzene.  Its  aqueous 
solution  gives  with  ferric  chloride  a  pure  corn-flower  blue 
colouration,  which  remains  for  weeks,  but  is  destroyed  by  the 
addition  of  soda.  It  is  volatile  without  decomposition,  the  sp. 
gr.  of  the  vapour  being  6'4.  On  heating  with  methyl  iodide, 
caustic  potash,  and  a  little  methyl  alcohol,  it  yields  the  dimethyl 
ether,  or  dianisoxl,  C12H8(OCHs)2,  which  is  a  liquid,  and  boils 
at  310—320°. 

On  heating  phenol  with  sulphuric  acid,  a-diphenoldisulphonic 
acid,  C12H6(OH)2(S03H)2,  is  formed  as  a  readily  soluble  crystal- 
line substance;  its  sodium  salt,  C12H6(OH)2(S03Na)2  +  2H20, 
forms  stellate  groups  of  needles. 

fi-Diphenol  is  formed  only  in  small  quantity  in  the  above 
reaction,  and  crystallizes  in  small  glistening  plates,  which  melt 
at  190°,  and  are  readily  soluble  in  alcohol,  &c.  Its  aqueous 
solution  is  coloured  pale-green  by  ferric  chloride,  the  solution 
soon   depositing   green   flakes,    and   becoming   colourless.     Its 
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vapour  has  the  sp.  gr.  6'39,  and  its  dimethyl  ether  crystallizes  in 
microscopic  octahedra.1 

ry-Diphenol,  or  4  :  4i'-Bihydroxydiphenyl,  was  first  prepared  by 
Griess  by  the  action  of  nitrous  acid  on  benzidine,2  and  is  also 
formed  by  melting  diphenyldisulphonic  acid  with  potash,3  or 
diphenylsuccinic  acid  with  lime.4 

In  order  to  prepare  it,  50  grams  of  benzidine  are  dissolved  in 
60  c.c.  of  hydrochloric  acid,  and  1  litre  of  water ;  the  mixture  is 
then  diluted  to  5  litres,  and  200  grams  of  sulphuric  acid  added. 
On  addition  of  a  solution  of  37  grams  of  sodium  nitrite  in  five 
times  the  quantity  of  water,  the  benzidine  sulphate  dissolves, 
and  the  solution  is  then  heated  by  a  current  of  steam.  After 
twenty  minutes  the  hot  liquid  is  filtered,  and  on  cooling  pure 
7-diphenol  separates  out.5 

It  is  sparingly  soluble  in  water  and  benzene,  readily  in  alcohol 
or  ether,  and  crystallizes  from  alcohol  in  lustrous  plates  or 
fascicular  aggregates  of  needles,  which  dissolve  easily  in  alkalis 
and  in  ammonia.  It  melts  at  270°,  and  boils  far  above  360°, 
its  vapour  having  the  sp.  gr.  6"5. 

On  solution  in  pure  sulphuric  acid  and  addition  of  a  trace  of 
nitrogen  peroxide,  a  beautiful  blue  coloration  is  obtained,  which 
is  also  given  by  common  sulphuric  acid.  Its  aqueous  solution  is 
not  coloured  by  ferric  chloride. 

>y-Diphenol  ethyl  ether,  C12H8(0C2H5)2,  is  formed  by  boiling 
7-diphenol  with  alcohol,  potash,  and  ethyl  iodide.  It  crystallizes 
from  acetic  acid  in  needles  which  are  sparingly  soluble  in  cold, 
more  readily  in  hot  alcohol,  and  melt  at  174 — 176°  (Hirsch). 

ly-Diphenylene  acetate,  C12H8(O.CO.CH3)2,  is  obtained  from 
7-diphenol  and  acetic  anhydride,  and  forms  needles  melting  at 
159—160°. 

2715  Tetrachloro-y-diphenol,  C6H2Cl2OH.C6H2Cl2.OH,  is  pre- 
pared by  acting  with  chlorine  on  7-diphenol  suspended  in  acetic 
acid,  and  crystallizes  from  dilute  alcohol  in  transparent  needles, 
melting  at  233°.  When  fuming  nitric  acid  is  added  to  its 
acetic  acid  solution,  tctrachlorodiphenolquinone,  C12H4C1402, 
separates  out  in  scales  which  have  a  beautiful  violet  colour  by 
reflected  light,  but  appear  dark-red  by  transmitted  light.     It 

1  Barth,  Annalen,  156,  93  ;  Barth  and  Schreder,  Ber.  H,  1332. 

2  Jahreso.  1866,  461  ;  Schmidt  and  Schultz,  Annalen,  207,  334. 

3  Engelhardt  and  Latschinow,  Zeitsch.  Chem.  1871,  259 ;  Schmidt  and 
Schultz,  loc.  cit.  p.  336. 

*  Schmidt  and  Schultz,  loc.  cit.  p.  344.  !  Hirsch,  Ber.  22,  335. 


382  DIPHENYL  DERIVATIVES 


does  not  melt,  is  insoluble  in  the  usual  solvents,  but  dissolves  in 
concentrated  sulphuric  acid  with  a  dirty  blood-red  colour,  which 
disappears  on  warming.  Its  formation  is  represented  by  the 
following  equation : 

C.H.CLOH  C6H2CLO 

|  +0=|  |    +  H20. 

C6H2C12.0H  C6H2C120 

Tetrabromo-y-diphcnol,  C6H2Br2(OH).C6H2Br2OH,  is  obtained 
by  adding  bromine  to  a  warm  solution  of  the  phenol,  and 
separates  from  absolute  alcohol  in  crystals  melting  at  264°.  On 
addition  of  fuming  nitric  acid  to  its  acetic  acid  solution,  it 
assumes  a  deep-red  colour,  and  on  cooling,  scales  of  tetrabromo- 
diphenolquinone,  C12H4Br402,  are  obtained.  These  have  a  steel- 
blue  colour  by  reflected  light,  and  a  dark  brownish-red  colour  by 
transmitted  light,  and  dissolve  in  sulphuric  acid  with  a  beauti- 
ful violet  colouration.  On  heating  with  sulphurous  acid  it  is 
reduced  to  tetrabromodiphenol.1 

3:3'-Dmitro-ry-diphenol,  C6H3(N02)(OH).C6H8(N02)OH,  is 
formed  when  a  solution  of  y-diphenol  in  acetic  acid  is  treated 
with  the  requisite  quantity  of  nitric  acid  of  sp.  gr.  1"45,  and 
crystallizes  in  reddish-yellow  needles,  which  have  a  golden 
lustre,  and  melt  at  280° ;  its  diacetate  forms  straw-yellow  needles 
melting  at  21 5°.2 

3  :  S'-Dinitro-y-diphenol  ethyl  ether,  C12H6(N02)2(OC2H6)2,  was 
obtained  by  Hirsch  by  nitrating  y-diphenol  ethyl  ether  in  acetic 
acid  ;  it  separates  from  this  solvent  in  needles  which  melt  at 
192 — 193°,  and  are  converted  into  3 :  3'-dinitro-7-diphenol  by 
caustic  potash. 

Tetranitro-y-diphenol,  C6H2(N02)2(OH).C6H2(N02)2OH,  was 
first  prepared  by  Griess.  It  is  formed  not  only  by  the  nitration 
of  ly-diphenol,  but  also  by  the  action  of  nitric  acid  on  benzidine,3 
whilst  Caro  also  obtained  it  by  converting  the  latter  into  a 
tetrazodiphenyl  salt,  and  treating  this  with  nitric  acid.  It  is 
most  conveniently  prepared  by  adding  an  excess  of  concentrated 
nitric  acid  to  a  warm  acetic  acid  solution  of  7-diphenol  (Kunze). 
It  crystallizes  from  alcohol  in  yellow  needles,  melts  at  225° 
(Schiitz),  and  is  a  true  colouring  matter  which  dyes  wool  and 
silk  a  beautiful  orange-yellow. 

Its    sparingly   soluble   ammonium  salt,  C12H4(N02)4(ONH4), 

1  Magatti,  Ber.  13,  224.         2  Kunze,  Ber.  21,  3331  ;  Schiitz,  Ber.  21,  3530. 
8  Schmidt  and  Schultz,  Annalcn,  207,  335. 
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■was  formerly  brought  into  commerce  as  "Palatine  orange!' 
The  sodium  salt  crystallizes  in  small  red  lustrous  needles,  which 
are  very  sparingly  soluble  in  caustic  soda ;  if  it  be  dissolved  in 
hot  water,  the  acid  salt,  C12H4(N02)4(ONa)(OH),  separates  on 
cooling  in  brownish-red  needles.  The  diacetate  forms  yellow 
needles,  melting  at  236°  (Schiitz). 

The  constitution  of  the  nitrodiphenols  is  discussed  together 
with  that  of  the  amidodiphenols. 

y-Diphenoldisulphonic  acid,  C12H6(OH)2(S03H)2,  is  prepared 
by  the  action  of  fuming  sulphuric  acid  on  7-diphenol,  and  forms 
a  jootasssium  salt  which  crystallizes  in  anhydrous  prisms,  and  is 
sparingly  soluble  in  cold  water.1 

ty-Diphenoltetrasulphonic  acid,  C12H4(OH)2(S03H)4,  was  pre- 
pared by  Griess  by  warming  tetrazodiphenyl  sulphate  with 
sulphuric  acid.  The  product,  after  dilution  with  water,  is 
neutralized  with  barium  carbonate,  and  the  solution  evaporated. 
From  the  residue  hot-water  extracts  the  trisulphonic  acid 
simultaneously  formed,  whilst  the  tetrasulphonic  acid  remains 
behind.  To  purify  it,  the  crude  acid  is  boiled  with  a  solution 
of  ammonium  carbonate,  the  solution  concentrated,  and  the 
ammonium  salt  which  separates  recrystallized  from  hot  water. 

Barium  diphenoltetrasulphonate,  C12H4(OH)2(S03)4Ba2+6H20 
separates  on  addition  of  the  barium  chloride  to  a  boiling 
solution  of  the  ammonium  salt  in  white  needles  or  prisms. 

The  free  acid,  prepared  from  the  latter  salt,  remains  on 
evaporating  the  solution  as  a  syrup,  which  on  standing  over 
sulphuric  acid  crystallizes  in  white  non-deliquescent  needles  or 
small  tablets ;  the  trisulphonic  acid  is  very  similar.2 

B-Diphenol,  or  2  :  i'-Dihydroxydiphenyl,  was  first  obtained  by 
melting  phenohp-sulphonic  acid  with  potash,3  and  is  also 
formed  together  with  catechol  from  phenol-o-sulphonic  acid.4 
It  is  also  obtained  in  large  quantity  by  saturating  a  well-cooled 
solution  of  diphenyline  sulphate,  C10Hg(NH2)2H2SO4  (p.  411), 
with  nitrogen  trioxide,  and  boiling  with  water  the  oily  tetrazo- 
diphenyl sulphate  which  separates  on  addition  of  alcohol  and 
ether.5  It  crystallizes  in  slender  needles  or  small  mono- 
symmetric  prisms,  which  are  sparingly  soluble  in  water,  but 
readily  in  alcohol  and  ether.  It  melts  at  161°,  and  boils  at  342°, 
its  vapour  having  the  sp.  gr.  6'25.    It  forms  a  colourless  solution 

1  Doebner,  Ber.  9,  129.  s  Joum.  CJiem.  Soc.  1867,  98. 

'  Lincke,  J.  Pr.  Chem.  II.  8,  43.  4  Herzig,  Ber.  13,  2233. 

5  Schultz,  Schmidt,  and  Strasser,  Annalen,  207,  357- 


384  DIPHENYL  DERIVATIVES 

in  pure  sulphuric  acid,  but  gives  a  bluish-green  colour  with  the 
commercial  acid. 

B-Diphenylene  diacctaie  crystallizes  from  alcohol  in  lustrous 
plates,  melting  at  94°. 

e-Dvphenol,  or  2  : 2'-Dihydroxydiphenyl  is  obtained,  together 
with  other  products,  by  adding  fluorene,  (C6H4)2CH2,  to  fused 
potash,  and  forms  yellowish  needles,  which  are  soluble  in  boiling 
water,  and  melt  at  98".1 

The  following  substitution-products  of  diphenols  have  been 
prepared,  but  their  exact  constitution  is  as  yet  unknown : 

Perchlorodiphenol,  C12C18(0H)2,  is  formed  by  heating  perchloro- 
diphenyl  with  alcoholic  soda  at  140 — 160°,  and  crystallizes  from 
benzene  in  thick,  almost  quadratic  tablets,  which  melt  at 
233' 5 — 234'5°,  and  are  readily  soluble  in  alkalis  and  ammonia. 
On  heating  with  methyl  iodide,  potash,  and  methyl  alcohol,  it 
yields  the  dimethyl  ether,  C12C18(0CH8)2,  which  crystallizes  from 
alcohol  in  long  needles,  melting  at  226°.  On  treatment  with 
acetic  anhydride  and  sodium  acetate,  it  yields  the  diacetate, 
C12Cl8(O.CO.CH3)w  which  forms  spear-shaped  crystals,  melting 
atl94°.2 

Dinitrodiphenol,  C8H3(N02)(OH).C6H3(NO2)(OH),  was  pre- 
pared by  Goldstein  by  the  action  of  potassium  permanganate 
on  o-nitrophenyl.  It  crystallizes  from  benzene  in  microscopic 
prisms,  sublimes  at  150°  without  melting,  in  golden-yellow 
needles,  and  dissolves  in  alkalis  with  a  blood-red  colouration. 
On  heating  with  benzoyl  chloride  it  is  converted  into  the 
dibenzoate,  C12H6(N02)2(O.CO.C6H6)2,  crystallizing  in  colourless 
needles,  which  melt  at  191°.3 

2716  Bromorosoquinone,  C12H4Br402,  was  obtained  by  Schraube, 
together  with  phthalic  acid,  by  dissolving  5  grams  of  tetrabromo- 
phenolnaphthalein  in  250  grams  of  sulphuric  acid,  adding  a 
mixture  of  5  grams  of  potassium  nitrate  and  50  grams  of 
sulphuric  acid,  and  cooling  well  during  the  process  : 

/C6H2Br2.OH 
/  C  fC6H2Br2.OH 
C6H4<        \0  +  20  = 

yCOx  C0H2Br2O 

C6H4/       >0+    I  I    +H20. 

XCO/  CcH2Br2.0 

1  Hodgkinson  and  Matthews,  Joxim.  Chcm.  Soc.  1883    I.  168. 

2  Weber  and  SSllcher,  Bcr.  16,  882.  3  Ber.  7   734  ;  H   1343. 
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The  whole  is  well  shaken,  and  after  a  few  minutes  poured 
into  water,  which  causes  the  separation  of  a  granular  precipitate ; 
the  latter,  after  washing  and  drying,  is  boiled  with  a  mixture  of 
alcohol  and  chloroform,  and  is  thus  obtained  in  beautiful  red 
crystals,  with  a  steel-blue  lustre,  which  dissolve  in  sulphuric 
acid  with  an  intense  violet  colouration,  but  are  insoluble  in 
alkalis  and  the  ordinary  solvents.  Reducing  agents,  such  as 
sulphurous  acid,  or  alcoholic  potash,  convert  it  into  Iromoroso- 
quinol,  C12H4Br4(OH)2.  The  latter  crystallizes  from  alcohol  in 
slightly  yellowish  plates,  which  are  soluble  in  alkalis,  melt 
at  264°,  and  sublime  with  slight  decomposition  in  microscopic 
needles.  If  it  be  dissolved  in  60 — "70  parts  of  acetic  acid,  and 
the  necessary  quantity  of  fuming  nitric  acid  added  to  the  boiling 
solution,  with  frequent  shaking,  the  quinone  again  separates  in 
splendid  crystals.1 

BipTienyhne  oxide,  C12H80,  was  first  prepared  by  distilling 
phenyl  phosphate  with  lime,2  and  is  also  formed  by  distilling 
phenol  with  lead  oxide,3  the  lead  phenate  first  formed  under- 
going the  following  decomposition  : 

^W\  C6H4s 

>Pb  =|         >0  +  H,0  +  Pb. 
C6H50/  C6H/ 

It  also  occurs  in  the  products  of  distillation  of  calcium  phenate,4 
and  of  mucic  acid,5  and  also  in  "  Stuppfett "  (p.  357). 

In  order  to  prepare  it  phenol  is  mixed  with  1 — 1|  times  its 
weight  of  lead  oxide,  and  heated  carefully  in  a  retort  filled 
at  most  to  one-half  its  capacity,  in  order  to  avoid  overflowing. 
Phenol  first  passes  over,  then  a  mixture  of  the  latter  with 
phenylene  oxide,  which  may  be  separated  by  the  action  of 
caustic  soda,  as  the  oxide  is  insoluble  in  that  liquid.  It  is 
purified  by  distillation  and  recrystallization  from  alcohol. 

It  is  fairly  soluble  in  alcohol,  from  which  it  crystallizes  in 
small  plates,  readily  soluble  in  ether,  acetic  acid,  and  benzene. 
It  melts  at  80—81°,  boils  at  287—288°  (mercury  completely 
in  vapour),  and  has  a  vapour  density  of  5"97.    It  is  not  attacked 

1  Annalen,  202,  121. 

2  Lesimple,  Annalen,  138,  376  ;  Hoffmeister,  Annalen,  159,  191  ;  see  also 
Kreysler,  Ber.  18,  1720. 

3  Graebe,  Ber.  7,  396  ;  Annalen,  174,  190  ;  Belir  and  v.  Dorp,  Ber.  7,  398. 

4  Niederhausen,  Ber.  15,  1119. 

5  Klinkhardt,  J.  Br.  Cham.  II.  25,  45. 
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by  hydriodic  acid  at  250°,  and  may  be  distilled  without  alteration 
over  red-hot  zinc  dust. 

With  picric  acid  it  forms  the  compound  C12H80+C6H3(N02)30, 
which  separates  from  alcohol  in  yellow  crystals,  melting  at  94".1 

Dibromodiphenylene  oxide,  C12H0Br2O,  was  prepared  by 
Hoffmeister  by  adding  bromine  to  a  carbon  disulphide  solution 
of  diphenylene  oxide.  It  crystallizes  from  alcohol  in  small 
plates  melting  at  185°. 

Dinitrodiphenylene  oxide,  C12H6(N02)20,  forms  indistinct 
crystals,  sparingly  soluble  in  water,  and  melts  at  200°. 


Tetrahydroxydiphenyls,  C12H6(OH)4. 

2717  Dicatechol,  (OH)2C6H3.C6H3(OH)2,  is  formed  by  fusing 
a-phenoldisulphonic  acid  with  potash,  and  crystallizes  in  slender 
matted  needles,  which  are  extremely  unstable,  and  very  sensitive 
to  the  action  of  light.  On  heating  in  a  current  of  hydrogen  it 
sublimes  in  small  quantity,  and  then  melts  at  84°.  Its  aqueous 
solution  is  coloured  pale  green  by  ferric  chloride,  the  colour  on 
addition  of  soda  changing  first  to  dark  blue,  then  becoming 
violet,  and  finally  red.  It  shows  therefore  the  same  colour  reac- 
tions as  catechol,  on  which  account  it  obtained  the  above  name.2 

Diresorcinol,  C12H6(OH)4  +  2H20,  is  obtained  together  with 
a  large  quantity  of  phloroglucinol  when  resorcinol  is  heated 
with  an  excess  of  caustic  soda.  It  is  sparingly  soluble  in  cold 
water,  and  crystallizes  from  the  hot  liquid  according  to  the  con- 
centration in  microscopic  oblique  prisms  or  long  flat  needles, 
which  melt  at  310°,  and  are  almost  insoluble  in  acetic  acid.  Its 
aqueous  solution  is  coloured  a  somewhat  pale  blue  by  ferric 
chloride,  and  on  heating  with  zinc  dust  it  is  reduced  to  diphenyl.3 

Diresorcinol,  and  also  its  tetra-ethyl  ether  and  tetracetate, 
may  be  recognized  by  the  fact  that  they  dissolve  in  sulphuric 
acid  with  an  intense  citron-yellow  colouration,  which  changes 
on  addition  of  acetic  anhydride  to  a  beautiful  bluish-violet,  the 
latter  disappearing  when  a  large  quantity  of  water  or  an  excess 
of  alkali  is  added.4 

Tetra-ethoxy diresorcinol,  or  Diresorcinol  tetra-ethyl  ether,  C12H6 
(OC2H5)4,  is  formed  by  heating  diresorcinol  with  the  requisite 

1  Goldschmiedt  and  Schmidt,  Monatsh.  2,  14. 

2  Barth  and  Schreder,  Ber.  H,  1336. 

3  Barth  and  Schreder,  Ber.  11,  1336  ;  Benedikt,  Monatsh.   1,  355  ;  Benedikt 
and  Julius,  Monatsh.  5,  177.  4  Herzig  and  Zeisel,  Monatsh.  H,  421. 
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quantity  of  ethyl  iodide  and  alcohol  potash ;  it  crystallizes  from 
hot  alcohol  in  large  plates,  melting  at  HO".1 

Tetracetyldiresorcinol,  C12H6(OCO.CH3)4,  is  formed  when 
anhydrous  diresorcinol  is  boiled  with  acetic  anhydride  and 
sodium  acetate,  and  crystallizes  from  alcohol  in  lustrous  prisms 
melting  at  259°. 

Hexbromodircsorcinol,  C1.,Bre(OH)4,  is  prepared  by  the  action 
of  bromine  on  an  ethereal  solution  of  diresorcinol,  and  crys- 
tallizes in  microscopic  transparent  granules.  Its  tetracetate, 
C12Br6(O.CO.CH3)4,  forms  crystals,  melting  at  259°,  and 
almost  insoluble  in  alcohol. 

Decabromodircsorcinol  is  formed  when  an  alkaline  solution 
of  diresorcinol  is  mixed  with  a  solution  of  bromine  in  fuming 
hydrobromic  acid,  and  separates  in  beautiful  crystals  which  lose 
bromine  in  the  air,  and  are  converted  into  hexbromodiresorcinol 
by  sulphurous  acid. 

Hexnitrodiresorcinol,  C12(NO2)0(OH)4,  is  obtained  by  warming 
the  acetate  with  fuming  nitric  acid,  and  forms  yellow  crystals, 
which  unlike  other  similar  compounds  are  readily  soluble  in 
water.     It  decomposes  with  explosion  on  heating  to  230°. 

Diquinol,  C12H6(OH)4.  This  compound  is  formed  together 
with  other  products  (Part  III.,  p.  199)  when  quinol  is  fused 
with  10  times  its  weight  of  caustic  soda,  and  crystallizes  from 
hot  water  in  fairly  large  though  badly  developed  crystals,  which 
have  a  pure  sweet  taste,  and  melt  at  237°,  becoming  brown  at 
the  same  time. 

On  addition  of  ferric  chloride  to  its  aqueous  solution  the  latter 
is  coloured  red,  and  diquinhydrone,  C12H804,  separates  out  in 
needles  which  have  a  bluish-violet  or  green  surface  lustre  ;  these 
dissolve  in  alcohol,  forming  a  red  solution,  and  decompose  on 
heating  without  melting. 

On  addition  of  ferric  chloride  to  the  hot  concentrated  solu- 
tion, it  assumes  a  light  yellow  colour ;  and  on  quickly  cooling, 
diquinone,  C12H604,  separates  out  in  straw-yellow  needles,  which 
melt  with  decomposition  at  186— 187°.2  Its  constitution  is 
probably  represented  by  the  formula  : 


/CO-CH.  CO— CH. 

Vh— CO/        \ch— co/ 


i  Pukall,  Ber.  20,  H43. 

2  Barth  and  Schreder,  Monatsh.  5,  5S9. 
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Sappanin,  C12H6(OH)4  +  211.^0.  When  the  commercial  extract 
of  the  East  Indian  sappan-wood,  employed  as  a  red  colouring 
matter,  is  fused  with  caustic  soda,  the  above  compound  is 
obtained,  together  with  resorcinol  and  a  little  catechol.  It  crys- 
tallizes from  hot  water  in  glistening  plates,  which  are  readily 
soluble  in  alcohol  and  ether,  sparingly  in  cold  water,  and  in- 
soluble in  chloroform  and  benzene.  Its  aqueous  solution  is 
coloured  deep  cherry-red  by  ferric  chloride,  and  grass-green  by 
soluble  hypochlorites,  the  latter  colour  quickly  passing  to  brown. 
It  becomes  anhydrous  at  100°,  melts  on  further  heating,  and 
distils  almost  unchanged ;  it  reduces  ammoniacal  silver  solution 
and  Fehling's  solution,  yields  trinitroresorcinol  with  nitric  acid,1 
and  is  reduced  by  heating  with  zinc  dust  to  diphenyl.2  On 
addition  of  bromine  to  its  acetic  acid  solution,  pentabromo- 
sappanin,  C12HBr6(OH)4,  is  formed,  and  crystallizes  from  alcohol 
in  brown  needles.8 

Tetracctylsappanin,C12H.6(O.CO.C'H.s)i,  crystallizes  from  alcohol 
in  small  prisms. 

Baphiin,  which  has  the  same  composition  as  Sappanin,  is 
found  in  the  red  dye  wood  known  as  bar  wood  or  cam  wood  from 
Baphia  nitida,  a  tree  growing  on  the  West  Coast  of  Africa,  and 
used  by  the  native  women  for  painting  their  bodies.  Baphiin 
crystallizes  from  alcohol  in  glistening  plates,  smelling  like  orris 
root,  and  assumes  a  reddish-yellow  or  light-purple  colour  when 
exposed  to  the  air ; i  it  has  not  yet  been  sufficiently  examined, 
and  is  probably  not  a  diphenyl  derivative. 


Hexhydroxydiphenyls,  C12H4(OH)6. 

2718  a-Hcxhydroxydiphenyl  was  discovered  by  Liebermann  in 
the  course  of  his  investigation  of  a  blue  compound  which  is 
obtained  in  the  purification  of  crude  pyroligneous  acid,  and 
which  he  termed  cocrolignone,  C16H1606.  This  is  a  quinone-like 
substance  which  on  reduction  is  converted  into  the  colourless 
hydrocoerolignone,  C16H1806.  On  heating  the  latter  with  hydro- 
chloric acid  at  200°,  it  yields  methyl  chloride  and  the  compound 
C12H10O6,  which  on  distillation  with  zinc  dust  yields  diphenyl. 

1  Schredcr,  Ber.  5,  372.  =  Earth  and  Schreder,  Be.r.  12,  506. 

3  Benedikt,  Monatsh.  1    356. 

4  Anderson  and  Mills,  Journ.  Chem.  Soc.  1876,  II.  582. 
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It  is  therefore  a-hexhydroxydiphenyl,  and  hydrocoerolignone  its 
tetrametliyl  ether. 

a-Hexhydroxydiphenyl  crystallizes  from  hot  water  in  silvery 
plates,  which  are  so  thin  that  when  laid  one  on  the  other  they 
have  the  appearance  of  silver-foil.  It  dissolves  in  dilute  caustic 
potash  with  a  bluish-violet  colour  which  remains  for  days. 
Baryta-water  gives  with  the  aqueous  solution  a  white  pre- 
cipitate, which  quickly  becomes  blue,  and  on  drying  assumes  a 
green  metallic  lustre.  This  could  not,  however,  be  obtained 
pure,  as  was  also  the  case  with  the  potassium  compound  pre- 
cipitated from  the  alkaline  solution  by  alcohol  in  violet  plates, 
which  immediately  undergo  further  oxidation.1 

Liebermann  remarked  that  this  hexhydroxydiphenyl,  no  iso- 
merides  of  which  were  then  known,  was  probably  the  pyrogallol 
of  the  diphenyl  series.  The  correctness  of  this  supposition  was 
shown  later  on  by  Hofmann,  who  proved  that  coerolignone  is 
an  oxidation-product  of  pyrogallol  dimethyl  ether.  In  each 
phenyl  group,  therefore,  the  three  hydroxyl  groups  are  in  the 
adjacent  position ;  their  exact  position  in  each  ring  is  unknown, 
but  it  is  probable  that  two  of  them  occupy  the  para-position 
(p.  393). 

a-Hexhydroxydiphenyl  tetramethyl  ether,  a-Dihydroxytetra- 
tnethoxydiphenyl,  or  Hydrocoerolignone,  C12H4(OCH3)4(OH)2,  is 
best  obtained  by  passing  sulphuretted  hydrogen  into  boiling 
water  containing  coerolignone  in  suspension,  or  boiling  the  latter 
with  zinc  dust  and  hydrochloric  acid.  It  is  scarcely  soluble  in 
water  or  ether,  but  dissolves  somewhat  readily  in  alcohol  and 
benzene,  crystallizing  out  in  lustrous  monosymmetric  prisms. 
From  superheated  aqueous  solution  it  separates  in  long  asbestos- 
like needles,  which  melt  at  190°.  On  further  heating  a  portion 
distils  over,  the  remainder  undergoing  carbonization,  and  on 
oxidation  it  readily  reforms  coerolignone.2 

Potassium,  hydrocoerolignone,  C12H4(OCH3)4(OK)2  +  4H20,  is 
obtained  by  boiling  hydrocoerolignone  with  caustic  potash,  and 
separates  on  cooling  in  long  golden-yellow  plates. 

a-Hexmethoxydiphenyl,  or  Dimethylhydrocoerolignone,  C12H4 
(OCH3)6,  is  formed  by  heating  the  potassium  salt  with  methyl 
alcohol  and  potassium  methyl  sulphate  at  140°,  and  crystaUizes 
from  alcohol  in  silky  needles,  melting  at  126°.3 

Diacetylhydrocoerolignone,  C12H4(OCH3)4(OCOCH3)2,  is  spar- 

i  Annalen,  169,  241.  2  AnnaUn,  169,  226. 

a  Ewald,  Ser.  11,  1623. 
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irtgly  soluble  in  alcohol,  from  which  it  crystallizes  in  needles 
melting  at  225°. 

a-Eexacetoxydiphenyl,  C12H4(OCO.CH3)6,  crystallizes  in  beau- 
tiful prisms,  and  melts  at  145°. 

Dichlorohydrocoerolignone,  C12rI2Cl2(OCH3)4(OH)2.  When  di- 
acetylhydrocoerolignone  is  heated  with  phosphorus  pentachloride, 
substitution  takes  place  in  the  diphenyl  residue,  with  formation 
of  diacetyldichlorohydrocoerolignone,  which  crystallizes  in  small 
well-developed  prisms,  melting  at  172°,  and  is  decomposed  by 
alcoholic  potash  with  formation  of  dichlorohydrocoerolignone. 
The  latter  crystallizes  from  hot  alcohol  in  small  very  lustrous 
rhombic  tablets,  melting  at  220°.  Its  potassium  salt,  C12H2C12 
(OCH3)4(OK)2,  is  insoluble  in  alcohol,  and  crystallizes  from 
water  in  needles.1 

Hexmethoxydichlorodiphenyl,  C12H2C12(0CH3)6,  is  formed  by 
adding  chlorine  water  to  an  acetic  acid  solution  of  the 
hexmethyl  ether,  and  crystallizes  from  alcohol  in  colourless 
needles.2 

The  corresponding  bromine  derivatives  have  also  been 
prepared. 

2719  Tctrahydroxydibenzoquinone,  C12H4(OH)402,  is  formed, 
together  with  hydrogen  iodide,  when  an  aqueous  solution  of 
a-hexhydroxydiphenyl  is  mixed  with  an  alcoholic  iodine  solution, 
and  forms  a  blue  precipitate,  consisting  of  microscopic  needles, 
soluble  in  alkalis  with  a  beautiful  blue  colouration.3 

Tctramethoxydibenzoquinone,  C12H4(OCH3)402.  In  the  year 
1835,  Reichenbach  obtained  from  wood-tar  a  peculiar  compound, 
which  was  not  contained  ready  formed,  but  was  prepared  in  the 
following  manner : 

"  The  rectified  oil,  which  is  obtained  by  the  distillation  of 
beech-wood  tar,  was  freed  from  acetic  acid  by  carbonate  of 
potash,  treated  with  concentrated  potash  ley,  the  alkaline 
solution  separated  from  insoluble  matter,  and  saturated  with 
acetic  acid.  A  portion  of  the  oil  separates,  and  another  por- 
tion is  obtained  by  distilling  the  acetate  of  potash.  When 
about  one-third  has  passed  over,  a  small  portion  is  collected 
and  treated  with  a  solution  of  ferric  sulphate.  If  this  forms  a 
red  precipitate  the  remainder  of  the  distillate  may  be  collected. 
The  latter  has  the  property  of  giving  with  ferric  sulphate  or 
bichromate  of  potash  a  red  solution,  and  after  five  minutes  a 

1  Hayduek,  Ber.  9,  928.  =  Ewald,  loc.  cit 

3  Liebermann  and  Bung,  Ber.  9,  1887.  j 
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precipitate  of  slender  red  needles,  the  solution  becoming  colour- 
less. 

"These  red  crystals  have  been  termed  by  Reichenbach 
cedriret,  from  cedrium,  an  old  name  for  the  acid  water,  obtained 
in  tar  burning,  and  rete,  a  net,  because  the  crystals  form  a  net- 
shaped  mass  on  filter  paper."  x 

Cedriret  dissolves  in  pure  sulphuric  acid  with  an  indigo-blue 
colour,  which  on  warming  or  treatment  with  water  becomes 
yellowish-brown,  the  compound  undergoing  decomposition.  It 
is  insoluble  in  water,  alcohol,  all  the  ethers,  and  most  other 
liquids,  but  dissolves  in  creosote,  forming  a  purple  solution,  from 
which  alcohol  precipitates  it  in  a  crystalline  form.  It  does  not 
melt,  but  decomposes  at  a  moderate  temperature,  and  carbonizes 
on  further  heating. 

Voelcker,  who  repeated  Reichenbach's  experiments,  was  unable 
to  obtain  cedriret.2  About  thirty  years  later,  Lettemayer 
observed  that  when  raw  pyroligneous  acid  is  mixed  with  a 
small  quantity  of  potassium  dichromate  solution  for  purification 
purposes,  a  blue  film  is  formed  on  the  surface  which  gradually 
sinks  to  the  bottom  as  a  bluish-violet  sediment.  This  was 
more  closely  examined  by  Liebermann,  who  found  that  its  chief 
constituent  is  a  compound,  the  smallest  portions  of  which  when 
suspended  in  water  have  a  strong  surface  lustre,  and  on 
examination  under  the  microscope  are  found  to  consist  of  small 
violet  needles.  An  attempt  to  purify  it  by  sublimation  resulted 
in  its  total  decomposition,  and  it  is  practically  insoluble  in  the 
usual  solvents ;  phenol,  however,  dissolves  it  in  considerable 
quantity,  and  on  addition  of  alcohol  it  separates  in  dark  steel- 
blue  lustrous  needles. 

Liebermann  termed  it  coerolignone,  as  it  has  a  blue  colour, 
is  obtained  from  wood-tar,  and  also  has  the  properties  of  a 
quinone ;  it  passes  on  reduction  into  the  corresponding  quinol, 
termed  hydrocoerolignone.  For  these  compounds  Liebermann 
gave  the  following  constitutional  formulas : 


3 


/OCH3  /OCH 

C6H/-OCH3  C6H2f0CH3 

\CL  I       \OH 

0>  I       /OH 

C6H/-OCH3  C6H2f  OCH3 

6  NochI  \ochJ 

1  Berzelius,  Jahresb.  15,  408. 

2  Annalen,  86,  102. 
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He  found  that  coerolignone  has  the  characteristic  property  of 
dissolving  in  concentrated  sulphuric  acid  with  a  corn-flower 
blue  colour.  This  is  so  intense  that  the  smallest  grain  can 
be  thus  readily  recognized.  The  colouration  is  compara- 
tively stable ;  on  careful  addition  of  water  it  at  first  passes 
into  a  deep  fuchsin-red,  and  then  a  brown  precipitate  is 
formed. 

Liebermann  endeavoured  in  vain  to  discover  the  mother- 
substance  of  coerolignone  in  the  distillation-products  of  the 
wood,  although  he  examined  a  number  of  different  varieties 
of  genuine  creosote.  Hofmann,  however,  found  that  it 
occurs  in  the  last  products  of  the  distillation  of  beech-wood 
tar,  and  obtained  it  in  needles  with  a  violet  surface 
lustre.1 

Later  on,  he  drew  attention  to  the  fact,  already  mentioned 
by  Marx,2  that  coerolignone  was  identical  with  cedriret,  and 
remarked  that  it  was  astonishing  how  a  compound  of  such 
remarkable  and  interesting  properties  should  remain  for  thirty 
years  uninvestigated,  or  one  might  say  fall  into  oblivion.8 

Liebermann  in  reply  stated  that  he  had  already  noticed  the 
similarity  of  the  two  compounds,  but  as  cedriret  formed  red 
crystals,  and  was  obtained  from  a  high-boiling  wood-tar  oil, 
and  coerolignone  was  obtained  from  pyroligneous  acid  and 
crystallized  in  blue  needles,  he  had  supposed  them,  although 
closely  related,  to  be  different  compounds. 

Hofmann  next  attempted,  and  with  success,  to  discover  the 
mother-substance  of  cedriret.  He  showed  that  it  is  easily  formed 
from  pyrogallol  dimethyl  ether;  on  dissolving  the  latter  in 
acetic  acid  and  adding  potassium  dichromate  the  mixture 
becomes  warm,  and  after  a  few  seconds  is  filled  with  beautiful 
needles,  which  have  a  dark  reddish-brown  colour  in  transmitted 
light,  and  a  beautiful  steel-blue  colour  in  reflected  light.  The 
dimethyl  ether  may  also  be  dissolved  in  caustic  soda,  and  after 
addition  of  an  excess  of  potassium  dichromate  heated  to  boiling. 
On  addition  of  hydrochloric  acid,  a  mass  of  reddish-brown  matted 
needles  separates.  The  same  change  may  be  effected  by  the 
elements  of  the  chlorine  group,  nitric  acid,  ferric  chloride,  and 
potassium  ferricyanide.4 

This  formation  of  cedriret  is  readily  understood,  the  reaction 
taking  place  according  to  the  equation  : 

1  Ber.  7,  78.  2  Wagner's  Jahrcsber.  1872,  827. 

3  Ber.  8,  68.  *  Ber.  11,  329. 
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This,  as  well  as  tetraliydroxydibenzoquinone,  of  which  it  is  the 
methyl  ether,  shows  great  similarity  with  tetrachlorodibenzo- 
quinone  and  the  corresponding  bromine  compound,  whence  it 
is  probable  that  in  tetrahydroxydibenzoquinone  the  quinone 
oxygen  atoms  also  occupy  the  para-position.  The  compound, 
like  other  quinones,  may  either  be  represented  as  a  peroxide  or 
a  diketone,  as  shown  in  the  following  formulse  : 
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Tetra-ethoxydibenzoquinone,  C12H4(OC2H6)402,  was  obtained 
by  Hofmann  by  the  action  of  potassium  dichromate  on  an 
acetic  acid  solution  of  pyrogallol  diethyl  ether,  and  termed  by 
him  ethylcedriret,  which  name,  as  he  himself  remarks,  is  not 
quite  legitimate.  The  solution  first  becomes  warm,  and  assumes 
a  dark  red  colouration;  on  allowing  it  to  cool  slowly,  large 
prisms  separate,  which  have  a  crimson  colour  by  transmitted 
light,  and  in  reflected  light  a  golden-green  lustre  like  can- 
tharides,  with  a  tinge  of  blue.  It  is  insoluble  in  water  or 
ether,  and  crystallizes  from  dilute  alcohol  in  long  thin  needles, 
which  form  a  pale  red  powder.  It  dissolves  in  sulphuric  acid, 
like  cedriret,  with  a  corn-flower  blue  colouration.  By  the  action 
of  sulphurous  acid  on  its  alcoholic  solution  it  yields  hydro-ethyl- 
cedriret,  or  dihydroxytdra-elhoscydiphcnyl,  C12H4(OC2H6)4(OH)2, 
which  crystallizes  in  long  silky  needles,  and  is  readily  oxidized 
to  ethylcedriret.1 

2720  fi-Hexhydroxydiphcnyl,  C12H4(OH)0,  is  formed  by  fusing 
ellagic  acid,  C14H6Og,  with  potash : 

C14H608  +  2H20  =  C12H10O6  +  2C02. 

1  Hofmann,  Bar.  11,  797. 
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It  crystallizes  from  hot  water  in  needles  which  decompose  with 
blackening  on  heating,  a  small  portion  subliming  at  the  same 
time.  On  addition  of  a  trace  of  caustic  potash  to  its  aqueous 
solution,  the  latter  is  coloured  deep  bluish-violet,  which  then 
changes,  probably  by  absorption  of  oxygen,  beginning  at  the 
upper  layer,  to  blood-red,  and  finally  to  yellowish-red.  The  very 
dilute  solution  is  coloured  yellowish-brown  by  ferric  chloride, 
which  changes  to  blue  on  addition  of  a  little  soda,  whilst  a  larger 
quantity  of  soda  converts  it  into  reddish-violet.  Ferrous  salts 
give  a  blue  colouration,  and  blue-black  flakes  separate  out. 

On  heating  /3-hexhydroxydiphenyl  with  zinc  dust,  it  yields 
dipheny],  and  is  converted  by  acetic  anhydride  into  the  acetate, 
crystallizing  in  large  hard  prisms,  which  melt  at  1700.1 

<y-Hcxhydroxydiphenyl,  C12H4(OH)6,  is  formed  together  with 
a  small  quantity  of  the  /3-compound  by  fusing  ellagic  acid  with 
caustic  soda,  and  also  in  small  quantity  by  the  action  of  sodium 
amalgam  and  water  on  ellagic  acid.2  It  crystallizes  from  hot 
water  in  needles  which  are  less  soluble  than  the  /3-compound. 
Its  aqueous  solution  is  immediately  coloured  blood-red  by 
caustic  potash,  the  colour  passing,  on  shaking  or  diluting,  through 
brown  to  dark  emerald-green.  A  little  ferric  chloride  causes 
a  green  colouration,  which  quickly  disappears,  and  is  converted 
by  soda  first  into  bluish-violet  and  then  into  reddish-violet.  On 
heating  with  zinc  dust  it  yields  diphenyl  in  quantity  (Bartb 
and  Goldschmiedt). 

B-Hexhydroxydiphenyl  is  formed,  together  with  hydroxyquinol 
and  diquinol  (p.  387),  by  fusing  quinol  with  soda,  and  crystallizes 
from  hot  water  in  lustrous  plates,  which  when  moist  rapidly 
become  dark  blue  in  the  air.  Its  aqueous  solution  is  coloured 
blood-red  by  caustic  potash,  and  ferric  chloride  gives  first  a 
similar  colouration,  and  then  a  dirty  blue  precipitate.  Its  acetate 
crystallizes  in  needles  melting  at  172°,  which  are  sparingly  soluble 
in  alcohol.3 

1  Earth  and  Goldschmiedt,  Bcr.  12,  1237. 

a  Cobenzl,  Monatsh.  1,  670. 

3  Barth  and  Schxeder,  Monatsh.  5,  589. 
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2721  TJdodiphcnylol,  or  Diphenylmercaptan,  C12H9SH,  is  pre- 
pared by  the  action  of  tin  and  hydrochloric  acid  on  diphenyl- 
sulphochloride,  and  on  distillation  with  steam  passes  over  as  a 
snow-white  mass,  which  is  soluble  in  alcohol  and  ether,  more 
readily  in  benzene  and  carbon  disulphide,  and  melts  at  110 — 
111°.  The  lead  salt,  (C12H9S)2Pb,  is  a  dark  brown,  and  the 
mercuric  salt  a  white,  crystalline  precipitate.1 

Methylthiodiphenylol,  C12H9SCH3,  is  formed  by  heating  the 
above  lead  salt  with  methyl  iodide,  and  crystallizes  from  alcohol 
in  floccular  aggregates  of  extremely  slender  needles  melting  at 
107— 108°.2 

Diphenyl  sulphide,  (C12H9)2S,  is  obtained  by  the  dry  distillation 
of  the  lead  salt : 

C12H9Sv  C12H9N. 

>Pb  =  )S  +  PbS. 

C12H9S/  C15H/ 

It  crystallizes  from  acetic  acid  in  large  lustrous  plates  melting 
at  171 — 172°,  and  is  oxidized  by  potassium  permanganate 
in  acetic  acid  solution  to  di-diphenyl  sulphone,  (C12H9)2S02, 
which  is  sparingly  soluble  in  ether,  readily  in  alcohol,  and 
crystallizes  in  fascicular  aggregates  of  plates,  melting  at 
214—216°. 

Diphenyl  disulphide,  (C12H9)2S2,  is  readily  obtained  by  the 
oxidation  of  diphenylol  in  the  air,  or  more  quickly  by  the  action 
of  nitric  acid.  It  crystallizes  from  acetic  acid  in  long  colourless 
needles,  melting  at  148 — 150°. 

Dithiophenol,  or  Diphenylenedihydrosulphide,  C12H8(SH)2,  is 
obtained  by  the  reduction  of  diphenyldisulphochloride,  and 
crystallizes  from  alcohol  in  colourless  plates,  melting  at  176°. 
The  lead  salt  is  a  brownish-red  precipitate,  and  on  heating 
with  methyl  iodide  yields  the  methyl  ether,  C12H8(SCH3)2,  which 
separates  from  alcohol  in  yellowish  glistening  plates,  melting  at 
185—186°. 

1  Gabriel  and  Deutsch,  Ber.  13,  386. 

2  Obermeyer,  Ber.  20,  2918. 
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Diphenylene  sulphide,  C12H8S,  is  prepared  by  passing  the 
vapour  of  phenyl  sulphide  through  a  red-hot  tube  :  l 

>S  =    |         >S  +  H2; 

c6h/       c„h/ 

the   hydrogen  set  free  reduces  another  portion  of  the  phenyl 
sulphide  to  benzene  : 

(C6H6)2S  +  4H  =  2C6H6  +  H2S. 

Diphenylene  sulphide  crystallizes  from  hot  alcohol  in  long 
needles,  which  have  a  silky  lustre,  and  dissolve  readily  in  ether 
and  benzene.  It  melts  at  97°,  boils  at  332 — 333°,  and  is 
unacted  on  by  phosphorus  and  hydriodic  acid  at  250 — 280°. 
On  warming  with  dilute  sulphuric  acid  and  potassium  dichro- 
mate,  it  yields  diphenylene  sulphone,  C12H8S02,  which  crystal- 
lizes from  alcohol  in  long  needles,  melting  at  230°,  and  soluble 
in  warm  sulphuric  acid  and  concentrated  nitric  acid  without 
decomposition. 


AMIDO-DERIVATIVES   OF    DIPHENYL. 

Amidodiphentls,  C12Hg.NH2. 

2722  2-Amidodiphenyl,  was  obtained  by  Hlibner  by  the 
reduction  of  2-nitrodiphenyl  with  tin  and  acetic  acid.  After 
dduting  with  water,  and  removing  the  dissolved  tin  by  sul- 
phuretted hydrogen,  caustic  soda  precipitates  the  crystalline 
base,  which  melts  at  44 — 45°. 

2-Amidodiphenyl  hydrochloride,  C^Hg.NHgCl,  forms  long 
colourless  needles  which  readily  sublime,  and  the  platinochloride, 
(C12H9.NH3)2PtCl6+4H20,  crystallizes  in  small  lustrous  orange 
plates.  The  nitrate  forms  large  colourless  crystals,  and  the 
sulphate  crystallizes  in  thin  readily  soluble  plates. 

By  the  action  of  tin  and  hydrochloric  acid  on  nitrodi- 
phenyl,  Hlibner  and  Ltiddens  obtained  chloro-2-amidodiphenyl, 
C12H8C1.NH2,  the  reaction  being  represented  by  the  following 
equation : 

C12H9.N02  +  5HC1  +  2Sn  =  C12H8CI.NH2  +  2SnCl2  +  2H20. 

1  Stenhouse,  Annalen,  156,  332  ;  Graebe,  Annalen,  174,  185. 
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It   crystallizes  from   alcohol   in  long  needles,  which  melt   at 
48°. 1 

^-Amidodiphenyl.  In  the  higher-hoiling  by-products,  formed 
in  the  manufacture  of  aniline,  Hofmann  found  a  compound, 
C12HnN,  which  he  termed  xenylamine?  Kekule  suggested  that 
it  was  an  amidodiphenyl,  a  supposition  which  was  proved  correct 
later  on  by  Schulz,3  and  by  Hubner  and  Osten,4  who  obtained 
it  by  the  reduction  of  4-nitrodiphenyl  with  tin  and  hydrochloric 
acid. 

4- Amidodiphenyl  forms  pleasant-smelling  plates,  which  melt 
at  49°,  are  readily  soluble  in  alcohol  and  hot  water,  and  volatile 
with  steam. 

4- Amidodiphenyl  hydrochloride,  C12H9.NH3C1,  forms  small 
lustrous  plates,  readily  soluble  in  hot,  but  sparingly  in  cold 
water,  and  scarcely  soluble  in  concentrated  hydrochloric  acid. 

4- Amidodiphenyl  sulphate,  (C12H9.NH3)2S04,  crystallizes  from 
hot  water  in  lustrous  plates,  which  are  only  sparingly  soluble  in 
cold  water. 

^-Amidodiphenyl  oxalate,  (C12Hg.NH3)2C204,forms  long  needles, 
also  sparingly  soluble  in  cold  water.  The  platinochloride, 
(C12H9NH3)2PtCl6-|-2H20,  crystallizes  in  yellow  plates,  and  the 
nitrate  in  tablets  which  are  readily  soluble  in  cold  water. 

The  following  substances  are  all  derivatives  of  the 
4-compound : 

Biethylamidodiphenyl,  C12H9N(C2H6)2,  crystallizes  in  long 
needles,  melts  below  100°,  and  is  insoluble  in  water,  but  fairly 
soluble  in  alcohol  (Hofmann). 

Acetamidodiphenyl,  C12H9NH.CO.CH3,  is  formed  by  boiling 
the  base  with  glacial  acetic  acid,  and  crystallizes  from  alcohol 
in  needles  melting  at  167°  (Hubner  and  Osten). 

Benzamidodiphenyl,  C12H9NH.CO.C6H5,  crystallizes  in  plates, 
melting  at  226°,  which  are  very  sparingly  soluble  in  alcohol. 

Ethyl  diphenylcarhamate,  C12H9NH.CO.OC2H5.  Zimmermann 
prepared  this  compound  by  the  action  of  ethyl  chloroformate  on 
an  ethereal  solution  of  the  base.  It  crystallizes  from  ether  in 
microscopic  needles,  which  melt  at  110°,  and  on  treating  with 
phosphorus  pentoxide  yield  diphenyl  carbimide,  C12H9.NCO. 
This  distils  over  as  a  colourless  pungent-smelling  liquid,  which 
soon  solidifies  to  a  crystalline  mass. 

Diphenylthiocarbimide,  or  Diphenyl  mustard-oil,  C12H9.NCS,  is 

1  Annalen,  209,  349.  2  Zeitsch.  Chem.  1866,  1. 

s  Annalen,  174,  212.  *  Annalen,  209,  342. 
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formed  by  heating  the  base  with  carbon  disulphide  and  alcohol, 
and  distilling  the  di-diphenylthiocarbamide,  CS(NHC12H9)2,  thus 
obtained  with  phosphorus  pentoxide.  It  crystallizes  from  ether 
in  long  needles,  which  melt  at  58°,  and  have  a  pungent  odour 
resembling  that  of  the  other  mustard-oils.1  The  above  di- 
diphenylthiocarbamide  crystallizes  in  plates  melting  at  228°. 

4<-Nitro-i'-amidodiphenyl,  C6H4(N02).C6H4(NH2),  was  obtained 
by  Fittig  by  mixing  4  :  4'-dinitrodiphenyl  with  alcohol  and 
ammonium  sulphide,  and  passing  in  sulphuretted  hydrogen  till 
all  had  dissolved.2  It  crystallizes  from  alcohol  in  small  bright- 
red  needles,  which  melt  at  198°,  are  oxidized  by  chromium 
trioxide  to  j>-nitrobenzoic  acid,  and  may  be  converted  by  the 
diazo-reaction  into  4-nitro-4'-bromodiphenyl.3 

4-Nitro-4'-amidodiphenyl  is  an  extremely  weak  base,  which 
dissolves  in  boiling  hydrochloric  acid,  but  separates  out  un- 
changed on  evaporation ;  the  platinochloride  is  a  floccular  pre- 
cipitate, which  quickly  decomposes.  Its  acetyl  compound, 
C6H4(N02)C6H4(NH.GO.CH3),  forms  yellow  needles,  melting  at 
264°.4 

2-N~itro-4<1 ' -amiclcdiphenyl  is  readily  obtained  when  2 : 4'-dinitro- 
diphenyl  is  gently  warmed  with  a  mixture  of  5  parts  of  ammo- 
nium sulphide  and  an  equal  quantity  of  alcohol  till  solution 
takes  place,  and  crystallizes  from  alcohol  in  short  reddish-brown 
monosymmetric  prisms,  which  melt  at  97 — 98°,  and  may  be 
converted  by  the  diazo-reaction  into  2-nitro-4'-bromodiphenyl. 
It  is  a  fairly  strong  base,  and  forms  a  hydrochloride  crystallizing 
in  long  white  needles.5 

^■A'-Amidodiphenylsulphonic  acid,C12H8(NH2)S03H,  is  formed 
by  heating  amidodiphenyl  with  sulphuric  acid  at  130°,  and  is 
precipitated  on  addition  of  water.  Its  sodium  salt,  C12H8(NH2) 
S03Na+2H20,  crystallizes  from  hot  water  in  needles  resembling 
those  of  saltpetre.6 

1  Zimmermann,  Ber.  13,  1963.  2  Annalen,  124,  277. 

3  Schultz,  Annalen,  174,  222.  4  Sohultz,  Annalen,  207,  347. 

5  Schultz,  Annalen,  174,  225  ;  Schultz,  Schmidt,  and  Strasser,  Annalen,  207> 
350. 

6  Carnelley  and  Schleselmann,  Journ.  Chem.  Soc.  1886,  I.  380. 
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4-4'-DlAMIDODIPHENYL,    C12H8(NH2)2. 

2723  By  the  action  of  sulphuretted  hydrogen  on  a  solution  of 
azobenzene  in  alcoholic  ammonia,  Zinin  in  1845  obtained  a 
colourless  crystalline  compound,  which  became  yellow  on  keeping. 
For  purification  he  converted  it  into  the  sulphate,  from  which, 
by  the  action  of  ammonia,  he  separated  the  new  base,  and 
termed  the  latter  benzidine.1  He  found  that  it  does  not,  after 
purification,  become  yellow  in  the  air,  and  that  the  sulphate  may 
also  be  directly  prepared  by  passing  sulphur  dioxide  into  an  alco- 
holic solution  of  azobenzene.2  He  regarded  benzidine  as  a  direct 
reduction-product  of  azobenzene,  but  Hofmann  afterwards  found 
that  the  latter  on  reduction  first  forms  hydrazobenzene  (Par  t.  III., 
p.  356),  which  is  then  converted  by  the  action  of  mineral  acids 
into  its  isomeride  benzidine.  The  constitution  of  this  was  shown 
by  Fittig,  who  obtained  it  by  the  reduction  of  4  : 4'-dinitrodi- 
phenyl.3 

Some  time  later,  Griess  also  showed  that  it  is  a  derivative  of 
diphenyl,  for  by  the  diazo-reaction  it  may  be  converted  into 
this  hydrocarbon.* 

Its  formation  from  azobenzene  and  sulphurous  acid  may  be 
now  readily  understood,  inasmuch  as  sulphuric  acid  is  also 
formed,  and  converts  the  hydrazobenzeue  first  formed  into 
benzidine.  The  final  result  is  represented  by  the  following 
equation  : 

N.C6H5  C6H,.NH2 

||  +  S02  +  2H20  =   I  +  S02(OH)2. 

N.C6H6  ~  C0H,NH2 

Benzidine  is  also  formed  when  azobenzene  is  heated  with 
fuming  hydrochloric  acid  at  115°,  the  chlorine  set  free  causing 
the  formation  of  a  blue  resinous  by-product,5  and  may  further 
be  obtained  by  boiling  azobenzene  with  hydrobromic  or  hydriodic 
acid.6     Organic  acids  also  bring  about  this  change. 

In  order  to  prepare  it,  4  :  4'-dinitrodiphenyl  is  warmed  with 
tin  and  hydrochloric  acid,  or  hydrazobenzene  may  be  warmed 
with  hydrochloric  acid,  in  which  case  2  :  4'-diamidodiphenyl,  or 

1  J.  Pr.  Chem.  36,  93.  2  ^nnalen,  85,  328. 

s  Annalm,  124,  275.  4  J-  Pr.  chsm-  101,  «■ 

6  Zinin,  Armahn,  137,  376.  6  Werigo,  Annalcn,  165,  202. 
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diphenyline,  is  also  obtained.  It  is,  however,  unnecessary  to 
prepare  pure  hydrazobenzene ;  70  grams  of  azobenzene  may  be 
dissolved  in  hot  alcohol,  and  a  solution  of  55  grams  of  tin 
in  concentrated  hydrochloric  acid  gradually  added,  the  flask 
being  connected  with  a  reflux  condenser.  A  vigorous  reaction 
takes  place,  and  aniline  is  formed  in  addition  to  the  two 
diamidodiphenyls,  but  the  method  has  the  advantage  that  the 
azobenzene  is  completely  decomposed,  and  that  the  reaction 
may  be  quickly  carried  out.  When  the  reaction  is  over,  the 
alcohol  is  distilled  off,  the  residue  mixed  with  sulphuric  acid, 
and  the  separated  benzidine  sulphate  filtered  off,  carefully 
washed  with  hydrochloric  acid  to  remove  all  tin,  recrystallized 
and  decomposed  with  ammonia.  The  filtrate  is  evaporated, 
decomposed  with  potash,  extracted  with  ether,  which  takes  up 
the  bases,  and  the  latter  separated  by  fractional  distillation. 
Thirteen  grams  of  diphenyline  and  a  similar  amount  of  aniline 
are  obtained,  whilst  the  quantity  of  benzidine  is  30  grams.1 

On  the  large  scale  nitrobenzene  is  heated  with  caustic  soda 
and  the  calculated  quantity  of  zinc  dust,  the  hydrazobenzene 
formed  washed  with  cold  dilute  hydrochloric  acid,  then  added  to 
the  hot  acid,  from  which  solution  benzidine  sulphate  separates 
on  addition  of  sulphuric  acid.2 

Benzidine  dissolves  in  2500  parts  of  cold  and  in  105  parts 
of  boiling  water,3  and  crystallizes  out  in  large  lustrous  plates, 
which  melt  at  122°. 4 

It  boils  with  partial  decomposition  far  above  360°,  dis- 
solves easily  in  alcohol,  and  still  more  readily  in  commercial 
ether,  but  requires  45  parts  of  the  latter  when  free  from 
alcohol  and  water.  The  solutions  have  an  alkaline,  and  at 
the  same  time  sharp  pepper-like  taste.  On  heating  with 
manganese  dioxide  it  yields  benzoquinone  in  large  quantity. 
Both  benzidine  and  its  salts,  as  Zinin  found,  are  decomposed  by 
chlorine  in  aqueous  or  alcoholic  solution ;  a  transient  indigo- 
blue  colour  is  frequently  first  seen,  and  then  a  crystalline 
cinnabar-red  precipitate  separates  out.  This  characteristic 
reaction  was  more  closely  examined  by  Claus  and  Risler,  who 
found  that  a  cold  saturated  solution  of  benzidine  hydrochloride  is 
coloured  a  beautiful  blue  by  a  little  chlorine  water,  the  colouration 

1  Schmidt  and  Schultz,  Annalen,  207,  324. 
-  Friedlander,  Theerfarbenfabr.  459. 
3  Schiff  and  Vanni,  Annalen,  258,  363. 
*  "Wald,  Ber.  10,  137. 
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disappearing  after  a  time,  especially  on  shaking,  but  reappearing 
on  further  addition  of  chlorine  water.  If  the  addition  be  con- 
tinued the  solution  assumes  a  green  colour,  and  a  red  floccular 
precipitate  is  formed,  which  is  very  unstable.  Bromine  water 
gives  the  same  colour  reactions,  and  on  bringing  bromine  vapour 
in  contact  with  a  solution  of  the  base  in  ether  or  chloroform,  a 
dark  blue  precipitate  is  at  once  obtained ;  the  latter  dissolves  in 
water,  forming  a  beautiful  blue  solution,  which  quickly  becomes 
orange-yellow.  If  weak  bromine  water  be  poured  on  to  a 
solution  of  benzidine  in  carbon  disulphide,  the  base  absorbs  the 
bromine  with  a  blue  colouration,  which  changes  to  dark-green 
on  addition  of  more  bromine  water,  after  which  the  aqueous 
solution  becomes  discoloured,  and  the  carbon  bisulphide  solution 
assumes  a  dark  red  colour.  If  an  excess  of  bromine  be  allowed 
to  act  on  a  solution  of  the  base  in  a  large  excess  of  hydro- 
chloric acid,  a  precipitate  of  tetrabromobenzidine  is  obtained.1 
On  addition  of  potassium  dichromate  to  a  solution  of  the  base,  a 
deep  blue  precipitate  of  the  chromate  described  below  is  obtained, 
even  in  very  dilute  solution.  Potassium  ferricyanide  also  yields 
a  precipitate  of  the  same  colour.2 

Benzidine  and  some  of  its  homologues  are  largely  used  in  the 
manufacture  of  azo-colours. 

Benzidine  hydrochloride,  C12H8(NH3C1)2,  crystallizes  in  thin 
rhombic  plates  or  tablets,  which  are  readily  soluble  in  water, 
and  still  more  easily  in  alcohol,  but  almost  insoluble  in  ether. 
An  excess  of  water  converts  it  into  the  basic  salt  C12H8(NH2) 
NHgCl,  crystallizing  from  water,  in  which  it  is  sparingly  soluble, 
in  long  needles  (Schmidt  and  Schultz).  The  platinochloride, 
C12H8(NH3)2PtCl6,  is  a  yellow  lustrous  crystalline  precipitate, 
which  is  scarcely  soluble  in  alcohol,  sparingly  in  water,  and 
decomposes  on  boiling  with  the  latter. 

Benzidine  sulphate,  C12H8(NH3)2S04,  crystallizes  in  small 
lustrous  scales,  and  is  a  very  characteristic  salt,  as  it  is  practi- 
cally insoluble  in  alcohol  and  boiling  water.  On  warming  with 
a  little  water  and  sulphuric  acid  it  forms  a  clear  solution,  and 
solidifies  on  cooling  to  a  radiating  crystalline  mass,  which  is 
probably  an  acid  sulphate,  and  on  addition  of  large  quantities 
of  water  yields  the  finely  divided  normal  salt  (Zinin). 

The  nitrate  crystallizes  from  warm  water  in  rectangular 
plates. 

Benzidine  chromate,  C12H8(NH3)2Cr04,  is  obtained  as  avolumi- 
1  Bcr.  14  82.  2  Barzilowsky,  Beilstein's  Eandb.  3,  1036. 
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nous  deep  blue  precipitate  of  matted  needles  by  adding  potassium 
dichromate  to  a  hot  saturated  solution  of  benzidine.  It  is 
insoluble  in  the  ordinary  solvents,  and  on  boiling  with  dilute 
ammonia  decomposes  with  separation  of  benzidine.  The  forma- 
tion of  this  salt  is  a  most  delicate  reaction  for  benzidine,  as  a 
solution  only  containing  O01  per  cent,  gives  with  a  concentrated 
potassium  dichromate  solution  so  large  a  precipitate  that  the 
liquid  becomes  opaque  ;  even  with  a  solution  of  O022  grams 
in  a  litre  of  water  it  may  be  still  recognized  if  the  liquid  be 
previously  warmed.1 

Benzidine,  oxalate,  C12H8(NH3)2C204,  is  fairly  soluble  in  water 
and  alcohol,  and  crystallizes  in  spherical  or  stellate  aggregates  of 
needles. 

The  acetate,  and  tartrate  are  readily  soluble  in  water,  and 
crystallize  in  plates  or  fiat  needles. 

2724  Tetramethylbenzidine  was  first  prepared  by  Michler  and 
Salathe'  by  heating  dimethylaniline  with  concentrated  sulphuric 
acid.2  It  is  also  formed  when  a  solution  of  dimethylaniline  in 
concentrated  sulphuric  acid  is  heated  on  the  water-bath  with 
lead  dioxide  : 

C6H4N(CH3)2 
2C6H6.N(CH3)2  +  0=|  +  H20. 

C6H4N(CH3)2 

It  may  further  be  obtained  by  heating  1  mol.  benzidine  with 
methyl  alcohol  and  5  mols.  methyl  iodide  for  several  hours  at 
120°.  The  product  thus  obtained  is  benzidinepentamethylam- 
monium  iodide,  C12H8N2(CH3)6I,  which  crystallizes  in  needles, 
and  on  heating  by  itself  or  with  soda-lime  decomposes  into 
methyl  iodide  and  tetramethylbenzidine.3  Another  method  of 
preparation  is  to  heat  dimethylaniline  with  aluminium  chloride 
in  the  air.4  It  crystallizes  from  alcohol  in  beautiful  needles, 
melts  at  195°,  boils  above  360°,  and  gives  with  oxidizing  agents, 
such  as  ferric  chloride,  a  green  colouration. 

Tetramethylbenzidine  hydrochloride,  C12H8N2(CH3)4,2HC1,  crys- 
tallizes in  slender  needles,  and  is  sparingly  soluble  in  water. 

Bicthylbcnzidine,  C12H8(NH.C2H5)2,  is  readily  obtained  by 
heating  benzidine  with  alcohol  and  ethyl  iodide,  and  crystallizes 
in  plates  resembling  those  of  benzidine,  which  melt  at  65°,6  and 

1  Julius,  Monatsh.  5,  193.  2  Ber.  12,  1171. 

3  Michler  and  Pattinson,  Ber.  14,  2161  ;  17,  115. 
*  Giraud,  Bull.  Soc.  Chim.  [3],  1,  692. 
5  T.  W.  Hofmann,  Annalcn,  115,  362. 
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are  coloured  a  beautiful  indigo-blue  by  bromine  "water.1  The 
further  action  of  ethyl  iodide  converts  it  into  tetra-ethylbenzidine, 
C12H8]Sr2(C2H6)4,  which  is  also  obtained  by  heating  diethylaniline 
with  sulphuric  acid  and  lead  dioxide.  It  likewise  crystallizes  in 
a  similar  form  to  benzidine,  melts  at  85°,  gives  a  green  colour- 
ation with  bromine  water  and  ferric  chloride,  and  only  combines 
with  ethyl  iodide  with  difficulty.  Methyl  iodide  at  100°,  on  the 
other  hand,  readily  converts  it  into  tetra-ethylbenzidinedimethyl- 
ammonium  iodide,  C12rI8N2(C2H5)4(CH3I)2,  which  crystallizes 
from  hot  water  in  long  needles,  and  is  converted  by  moist  silver 
oxide  into  the  strongly  alkaline  tetra-ethylbensidinedvmetliyl- 
ammonium  hydroxide.  The  latter  is  readily  soluble  in  water,  and 
yields  well-crystallized  salts. 

Dicthidenebenzidine,  C12Hg(N:CH.CHa)2,  is  prepared  by  the 
action  of  acetaldehyde  on  benzidine,  and  forms  a  very  sparingly 
soluble  crystalline  meal. 

Dibenzidenebenzidine,  C12H8(N:CH.C6H5)0,  is  obtained  in  a 
similar  manner  from  benzaldehyde,2  and  is  also  formed  by  heat- 
ing the  latter  with  azobenzene  and  zinc  chloride  at  100 — 140°.3 
It  crystallizes  from  benzene  in  large  silvery  plates,  and  melts  at 
231—232°. 

Schiff  and  Vanni  have  prepared  a  series  of  analogous  com- 
pounds from  other  aldehydes. 

Diformylbenzidine,  C12H8(NH.COH)2,  is  prepared  by  heating 
hydrazobenzene  or  benzidine  with  formic  acid,  and  is  insoluble 
in  most  solvents,  but  separates  from  nitrobenzene  as  a  crystalline 
powder.4 

Monacetylbenzidine,  C12H8(NH2)NH.CO.CH3,  is  formed  to- 
gether with  the  diacetyl  compound  by  boiling  benzidine  with 
glacial  acetic  acid,  and  crystallizes  from  dilute  alcohol  in  long 
stellate  groups  of  needles,  which  are  sparingly  soluble  in  water, 
readily  in  alcohol,  melt  at  199°,  and  give  sparingly  soluble 
gelatinous  precipitates  with  aqueous  acids.  It  readily  dissolves 
in  concentrated  sulphuric  acid,  and  on  addition  of  water  the 
sulphate  separates  out. 

Diacetylbenzidine,  C12H8(NH.CO.CH3)2,  forms  needles  which 
melt  at  317°,  are  insoluble  in  water,  sparingly  soluble  in  alcohol, 
and  somewhat  more  readily  in  acetic  acid.  It  does  not  combine 
with  acids,  and  sublimes  with  partial  decomposition  on  heating.6 

i  Schiff  and  Vanni,  Annalcn,  258,  367.  2  Schiff,  Ber.  11,  830. 

s  Barzilowsky,  Beilstein's  ffandb.  3,  1040.  4  Stern,  Ber.  17,  379. 

5  Strakosch,  Ber.  5   236  ;  Schmidt  and  Schultz,  Annalen,  207,  332. 
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Dibenzoylbenzidine,  C13H8(NH.CO.CaH5)2,  is  formed  not  only 
by  heating  benzidine  with  benzoyl  chloride  at  100°,  but  also 
by  warming  the  latter  with  hydrazobenzene.  It  is  insoluble  in 
alcohol,  ether,  chloroform,  acids,  alkalis,  aniline,  &c,  but  crys- 
tallizes from  boiling  nitrobenzene  in  beautiful  needles.  These 
unite  together,  forming  nacreous  plates,  which  melt  at  a  very 
high  temperature,  and  sublime  without  decomposition  (Stern). 

Oxalylbenzidine,  C12H8(N2H2)C202,  is  obtained  on  heating 
benzidine  oxalate  at  200 — 210°  as  a  white  powder,  insoluble  in 
water,  alcohol,  acids,  and  alkalis,  which  is  resolved  by  boiling 
caustic  potash  into  benzidine  and  oxalic  acid.1 

Diphthalylbenzidine,  C]2H8[N(CO)2C6H4]2,  is  formed  by  heating 
benzidine  or  hydrazobenzene  with  phthalic  anhydride  : 

/NH,  /COx 

C12H8<        "  +  20(        >C6H4  = 
\NH2  \CCK 

2H20  +  C12H8/        ^ 

N<CO>C«H* 

It  crystallizes  from  boiling  nitrobenzene  in  deep  yellow  spear- 
shaped  silky  needles,  which  melt  above  360°,  and  may  be 
sublimed  in  a  current  of  carbon  dioxide  almost  without  decom- 
position. Ou  heating  with  concentrated  sulphuric  acid,  it  is 
converted  into  phthalic  acid  and  benzidine  sulphate.2 

Phthalyldicthylbenzidine,  C12H8N2(C2H6)„(CO)2C6H4,  is  pre- 
pared by  heating  diethylbenzidine  with  phthalic  anhydride  at 
150 — 160°.  and  forms  small  yellowish  crystals  which  melt  at 
250°  with  decomposition  (Schiff  and  Vanni). 

Cyanobenzidine,  C14H12N4,  is  formed  in  a  similar  manner  to 
cyananiline  (Part.  III.,  p.  249),  when  an  alcoholic  solution  of 
benzidine  is  saturated  with  cyanogen  gas  : 

C6H4.NH2       CN       C0H4.NH.C:NH 

I  +   I       =   [  |  ■ 

C6H4.NH2       CN       C6H4.NH.C:NH 

On  standing,  cyanobenzidine  separates  as  a  red  powder,  which 
is  resolved  on  heating  with  acids  into  benzidine  and  oxalic 
acid.3 

1  Borodin,  Jahresb.  I860,  356.  2  Bandrowski,  Ber.  17  1181. 

3  Wittenstein,  Ber.  3,  723. 
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Diphenylenedicarbimide,  Cls.H8(N.CO)„  is  obtained  when  car- 
bonyl  chloride  is  passed  into  benzidine  hydrochloride  heated 
to  250°,  and  crystallizes  in  long  beautiful  needles,  which  melt 
at  122°,  and  may  be  readily  sublimed.  Its  vapour  has  an  odour 
resembling  that  of  phenylcarbimide.1 

Benzidinediur  ethane,  C12H8(NH.COOC2H5)2,  is  prepared  by 
acting  on  benzidine  in  ethereal  solution  with  ethyl  chloroformate, 
and  forms  flat  needles,  melting  at  230°.  At  the  same  time 
amidodiphenyl  ethylcarbamate,  or  benzidine  semiurethane  is 
formed,  and  crystallizes  from  ether  in  small  needles,  melting 
at  90—91°  (Scruff  and  Vanni). 

Benzidinediphenyldiearbamide,  C19H8(NH.CO.NH.C6H5)2,  is 
formed  when  1  mol.  benzidine  is  mixed  with  2  mols.  phenyl- 
isocyanate  in  ethereal  solution.  It  is  thus  obtained  as  a  white 
precipitate,  which  dissolves  in  boiling  aniline,  and  separates 
out  on  cooling  in  concentric  aggregates  of  acute  needles, 
melting  above  300°.2 


Substitution-Products  of  Benzidine. 

2725  2  :  2'-Dichlorobcnzidine,  C6H3C1(NII2)C6H3C1(NH2))  was 
obtained  by  Laubenheimer  by  warming  m-dichlorhydrazo- 
benzene  (Part  III.,  p.  357)  with  hydrochloric  acid.3  Schultz 
also  prepared  it  by  the  action  of  hydrochloric  acid  and  stannous 
chloride  on  m-dichlorazobenzene.4  It  crystallizes  from  alcohol 
in  small  flat  lustrous  prisms  melting  at  163°. 

p-Dichlorobenzidine  was  obtained  in  a  similar  manner  from 
p-dichlorazobenzene ;  it  crystallizes  from  alcohol  in  lustrous 
plates,  melting  at  60°,  and  is  coloured  blood-red  by  ferric 
chloride. 

2  :  2'-Dibromobenzidine,  C6H3Br(NH2).C6H3Br(NH2),  was  pre- 
pared by  Gabriel  from  m-dibromohydrazobenzene ;  it  forms  small 
lustrous  rhombic  crystals,  melting  at  151'5 — 152°.5 

p-Dibromobenzidine  was  obtained  from  £>-dibromazobenzene, 
and  crystallizes  in  small  reddish  scales  melting  at  108°. 

The  position  of  the  halogen  atoms  in  the  so-called  para- 
compounds  is  unknown,  but  cannot  naturally  be  in  the 
para-position  to  the  amido-group. 

Tetrabromobenzidine,  C12H4Br4(NH2)2,  separates  out  on  addition 

1  Snape,  Journ.  Chem.  Soc.  1886,  I-  245.  2  Kiihn,  Ber.  18,  1478. 

3  Ber.  8,  1621.  i  Ber.  17,  463.  6  Ber.  9,  1405. 
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of  bromine  to  a  solution  of  benzidine  in  an  excess  of  hydrobromic 
acid.  On  heating  it  sublimes  in  small  lustrous  needles,  melting 
at  284— 2860.1 

2-Nitrobenzidinc,  C12H7(N02)(NH2)2,  is  prepared  by  dissolving 
28-2  grams  of  pure  benzidine  sulphate  in  300  grams  of  distilled 
sulphuric  acid,  stirring  well,  and  warming,  if  necessary  for 
complete  solution,  to  50 — 60°,  cooling  subsequently  to  10 — 20°, 
but  not  lower,  as  otherwise  benzidine  sulphate  separates  out. 
10-1  grams  of  potassium  nitrate  are  then  added,  and  the  mixture 
well  stirred  for  some  hours,  and  poured  into  three  times  its 
volume  of  water;  nitrobenzidine  sulphate  separates  out,  and 
is  purified  by  recrystallization  from  hot  water  with  addition 
of  animal  charcoal.  On  addition  of  ammonia  to  its  hot  aqueous 
solution,  nitrobenzidine  separates  as  an  oil,  which  quickly 
solidifies  to  a  red  crystalline  mass.  If  a  very  dilute  solution  of 
the  sulphate  be  employed,  the  base  separates  on  slow  cooling, 
in  long  red  needles  resembling  those  of  chromium  trioxide, 
which  melt  at  143°. 

2-Nitrobcnzidine  sulphate,  2C12H7(N"02)(NH3)2S04  +  H20, 
forms  small  yellowish  crystals,  which  dissolve  in  hot  water 
much  more  readily  than  benzidine  sulphate,  but  are  much  more 
sparingly  soluble  in  cold  water  than  2  :  2'-dinitrobenzidine  sul- 
phate ;  2-nitrobenzidine  can  therefore  be  readily  separated  from  a 
mixture  of  the  other  two  bases. 

2  : 2'-Dinitrobenzidine,  C12H6(N02)2(NH2)2,  is  prepared  in  a 
similar  manner  to  the  foregoing  compound,  using  double  the 
quantity  of  potassium  nitrate,  and  crystallizes  from  alcohol  in 
yellow  plates  melting  at  214°.2 

3  :  2> -Dinitrdbenzidine  is  formed  when  diacetylbenzidine  3  or 
diphthalylbenzidine i  is  treated  with  fuming  nitric  acid,  and 
separates  from  the  product  on  addition  of  caustic  potash  or  sul- 
phuric acid.  It  crystallizes  from  alcohol  in  deep  red  hemispherical 
aggregates  of  very  thin  needles,  which  melt  at  218 — 222°,  and 
explode  on  further  heating  with  a  flash.  It  is  converted  by 
nitrous  acid  and  alcohol  into  3  :  3'-dinitrodiphenyl. 

An  isomeric  compound  is  also  formed  in  the  reaction,  which 
is  readily  soluble  in  alcohol,  and  crystallizes  in  short  saffron- 
yellow  needles  melting  at  196 — 197°. 

Dinitrotetramethylbcnzidinc,  C12H6(N02)2N2(CH3)4,  is  formed 

1  Clans  and  Kisler,  Bcr.  14,  82.  2  Tauber,  Bcr  23,  794. 

3  Strakosch,  Bcr.  5,  236  ;  Brunner  and  Witt,  Ber.  20    1023. 
*  Bandrowski,  Monatsh.  8,  471. 
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by  the  action  of  sodium  nitrite  on  a  hydrochloric  acid  solution 
of  tetramethylbenzidine,  and  crystallizes  from  alcohol  in  beauti- 
ful yellowish-red  needles,  which  melt  at  1880.1 

Tetranitrotetramethylbenzidine,  C12H4(N02)4N2(CH3)4,  is  ob- 
tained by  treating  tetramethylbenzidine  or  dimethylaniline  with 
dilute  nitric  acid,  and  crystallizes  from  phenol  in  beautiful 
sparkling  golden-brown  needles,  which  decompose  on  heating. 

Sexnitrodimethylbenzidine,  C12H2(N02)6(NH.CH3)2,  is  formed 
when  the  previous  compound  or  dimethylaniline  is  boiled  with 
fuming  nitric  acid,  and  separates  on  addition  of  water  in 
transparent  yellow  laminae,  which  explode  on  heating.  On 
boiling  with  a  little  phenol,  nitric  oxide  is  evolved,  and  ietra- 
nitrodimethylbenzidine,  C12H4(N02)4(NH.CH3)2,  is  formed.  The 
latter  crystallizes  in  slender  scarlet  needles,  hardly  to  be  dis- 
tinguished from  those  of  mercuric  iodide.  It  decomposes  on 
heating,  and  is  reconverted  by  nitric  acid  into  the  hexnitro- 
compound.2 

2726  Benzidinesulphonic  acid,  C12H7(NH2)2S03H,  is  prepared 
by  heating  benzidine  sulphate  with  6  parts  of  sulphuric  acid  at 
170°  for  two  hours,  or  better  by  heating  acid  benzidine  sulphate 
at  170°  for  24  hours  : 

C0H,NH8.SO4H        C6H3(NH2).S03n 
|=|  +  H20. 

C8H4.NH3.SOiH        CflH4.NH8.S04H 

The  3  : 3'-disulphonic  acid  is  formed  at  the  same  time,  and  in 
larger  quantity  if  the  temperature  rises  above  170° : 

(^(NH^SOgH        C6H,(NH2).S03H 
I  =    I  +H20. 

C6H4NH3.SO,H         (TONHJ.SOgH 

The  black  mass  is  extracted  with  caustic  soda  solution,  and 
the  extract  acidified  with  acetic  acid  ;  the  monosulphonic  acid 
then  separates  as  a  crystalline  tasteless  powder,  which  is  sparingly 
soluble  in  boiling  water,  almost  insoluble  in  alcohol  and  ether. 
If  it  be  dissolved  in  hot  hydrochloric  acid,  the  hydrochloride, 
C12H7(NH3C1)(NH2)S03H,  separates  on  cooling  in  nodules, 
which  completely  lose  their  hydrochloric  acid  on  boiling  with 
!  water. 

1  Michler  and  Pattinson,  Ber.  14,  2161  ;  17,  115. 

2  Mertens,  Ber.  19,  2123  ;  Romburgh,  Ber.  20,  469  K.  ;  Beilstein's  Eandb. 
3,  1038. 
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Barium  bcnzidinesulphonate,  (C12HnN2S03)2Ba  +  5H20,  crys- 
tallizes from  hot  water  in  small  needles  or  plates.1 

Benzidinc-2  :  2' ' -dimlphonic  acid,  or  4  :  4' -Diamidcdiphenijl- 
2  :  2' -disulphonic  acid,  C12H6(NH2)2(S03H)2  +  3H20,  was  first 
obtained  by  the  reduction  of  m-nitrobenzenedisulphonic  acid,  and 
was  therefore  regarded  as  m-hydrazobenzenedisulphonic  acid.2 
Schultz  3  first  suggested  that  it  was  really  a  benzidine  derivative, 
which  was  then  experimentally  confirmed  by  Limpricht.4  In 
order  to  prepare  it,  m-nitrobenzenedisulphonic  acid  is  warmed 
with  zinc  dust  and  caustic  soda  until  the  solution  is  colourless, 
after  which  it  is  filtered  and  treated  with  an  excess  of  hydro- 
chloric acid.  It  may  also  be  readily  obtained  by  the  action 
of  stannous  chloride  and  hydrochloric  acid  on  m-azobenzene- 
sulphonic  acid.  It  crystallizes  in  beautiful  monosymmetric 
prisms,  which  are  scarcely  soluble  in  alcohol  and  ether,  very 
sparingly  in  cold,  somewhat  more  readily  in  hot  water,  and  lose 
their  water  of  crystallization  at  170°. 

It  is  distinguished  from  the  isomeric  acid  next  described  by 
the  fact  that  it  forms  azo-colouring  matters  which  are  not  fixed 
by  unmordanted  cotton.6  Its  constitution,  which  follows  from 
its  method  of  preparation,  is  represented  by  the  formula  : 

S03H  S03H 


Barium  2  :  2' '-benzidinedisulphonate,  C12H6(NHo)2(S03)2Ba  + 
4H20,  forms  beautiful  prisms,  which  are  sparingly  soluble  in 
water,  and  lose  water  in  the  air. 

Benzidine-^  :  3' '-disulphonic  acid,  or  4  :  4t  -Diamidodiphenyl- 
3 : 3' '-disulphonic  acid,  was  prepared  by  Griess  by  heating 
benzidine  with  twice  its  weight  of  fuming  sulphuric  acid  at 
170°  ;6  it  is,  however,  preferable  to  employ  benzidine  sulphate 
and  ordinary  sulphuric  acid,  heating  them  together  at  210°  for 
36 — 48  hours.     Small  quantities  of  the  monosulphonic  acid  still 

1  Griess  and  Duisberg,  Ber.  22,  2459 ;  Ber.  21,  873  c.  ;  Friedlander's 
Theerfarbenfabr.  500. 

2  Mahrenholtz  and  Gilbert,  Annalen,  202,  331  ;  Brunnemann,  Annalen, 
202,  340 ;  Balentine,  Annalen,  202,  351  ;  Jordan,  Annalen,  202,  360  ; 
Neumann,  Ber.  21,  3419. 

3  Annalen,  207,  314.  ■>  Ber.  23,  1052. 
6  Actiengesell.  Anilinfabr.  Ber.  21,  323  c.  6  Ber.  14   300. 
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present  may  be  separated  by  solution  in  caustic  soda  and  pre- 
cipitation with  acetic  acid  (Griess  and  Duisberg). 

It  crystallizes  usually  in  small  four-sided  plates,  which  are 
almost  tasteless,  and  very  sparingly  soluble  in  boiling  water. 
Its  very  dilute  solution  is  coloured  green  by  bromine  water. 
It  is  employed  in  the  preparation  of  azo-colours,  which  dye 
cotton  directly. 

Barium  benzidine-^  :  3' ' -disulplionate,  C12H6(NH5,)2(S03)2Ba  + 
5H20,  is  fairly  soluble  in  boiling  water,  and  separates  on  slowly 
cooling  in  lustrous  white,  thin,  four-  or  six-sided  plates,  which 
become  anhydrous  at  150°.  On  boiling  the  anhydrous  salt  with 
a  quantity  of  water  insufficient  for  complete  solution,  it  forms 
short  thick  needles  containing  2  mols.  of  water. 

The  silver  salt  is  a  white  crystalline  precipitate. 

The  constitution  of  this  benzidinedisulphonic  acid  is  in  all 
probability  represented  by  the  following  formula : 

S03H  SO3H 

H  "Nr/      \ /      ^ .1STTT 

Benzidinetrisulphonic  acid,  C12H6(NH2)2(S03H)3  +  2H20,  is 
formed,  together  with  the  tetrasulphonic  acid,  when  benzidine 
sulphate  is  heated  with  a  large  quantity  of  sulphuric  acid  at 
180 — 190°.  On  pouring  the  liquid  into  five  times  its  volume  of 
water,  the  disulphonic  acid  present  separates  out.  To  separate 
the  tri-  and  tetrasulphonic  acids,  the  filtrate  is  neutralized  with 
barium  carbonate,  and  the  barium  salts  treated  with  hot  water, 
in  which  the  tetrasulphonate  is  less  soluble. 

Benzidinetrisulphonic  acid  separates  from  hot  fairly  concen- 
trated solutions  in  thin  white  lustrous  plates,  which  are  readily 
soluble  in  cold  water,  but  do  not  deliquesce  in  the  air. 

Barium  benzidinetrisulphonate,  (C12H8N2)2(S03)8Ba3  +  12H20, 
is  sparingly  soluble  in  cold  water,  and  crystallizes  from  the  hot 
liquid  in  small  indistinct  prisms. 

Benzidinetetrasulphonic  acid,  C12H4(NH2)2(S03H)4  +  6H20,  is 
precipitated  by  hydrochloric  acid  in  small  lustrous  needles,  which 
are  not  deliquescent,  but  very  readily  soluble  in  water.  The 
barium  salt,  C12H8N2(S03)4Ba2,  forms  white  needles  or  small 
prisms,  which  are  sparingly  soluble  even  in  hot  water. 

Benzidinesidphone,  C12H6(NH2)2S02,  is  obtained  by  slowly 
adding  benzidine  sulphate  to  an  excess  of  fuming  sulphuric 
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acid  containing  20  per  cent.  S03,  and  warming  on  the  water- 
bath,  till  a  small  portion  on  solution  in  water  and  addition  of 
caustic  soda  no  longer  gives  a  precipitate  of  benzidine.  The 
formation  of  the  sulphone  takes  place  according  to  the  equation  : 


NH2 

f-  ;:a        s      ')S02     +H20. 
NH, 


C6H4.NH2  C6H3 


C6H4.NH2  C6H3 


The  solution  is  poured  into  ice,  the  benzidinesulphone 
sulphate  filtered  off  after  long-continued  standing,  and  boiled 
with  caustic  soda.  The  yellow  precipitate  thus  formed  is 
extracted  with  alcohol,  dissolved  in  hot  hydrochloric  acid,  and 
precipitated  with  caustic  soda.  The  sulphone  is  then  obtained 
as  a  yellow  powder  consisting  of  exceedingly  small  needles,  which 
are  insoluble  in  water,  alcohol,  ether,  and  benzene ;  it  melts 
at  350°,  is  not  volatile  without  decomposition,  and  is  a  weak 
base,  forming  salts  which  are  decomposed  by  water.  The 
hydrochloride,  C12H6(NH3C1)2S02,  separates  from  hot  hydro- 
chloric acid  in  almost  colourless  delicate  plates,  and  the  sulpliate, 
2C12H6(S02)(NH3)2S04  +  3H20,  crystallizes  in  white  needles 
or  long  narrow  plates. 

On  replacing  the  amido-groups  of  benzidinesulphone  by 
hydrogen,   it  is  converted  into  diphenylenesulphone. 

Benzidinesulphonesulphonie  acid,  C12H5(S02)(NH2)2S03H 
+  2H20,  is  formed,  together  with  the  following  compounds, 
when  the  sulphone  is  heated  above  100°  with  fuming  sulphuric 
acid.  The  solution  is  poured  on  to  ice,  which  precipitates  the 
mono-  and  disulphonic  acid,  whilst  the  tri-  and  tetrasulphonic 
acid  remain  in  solution  ;  they  are  precipitated,  however,  by  the 
addition  of  sodium  chloride. 

To  separate  the  monosulphonic  acid  the  mixture  is  treated 
with  sodium  carbonate  solution,  which  leaves  the  sulphone  un- 
dissolved. On  addition  of  acetic  acid  to  the  filtrate,  benzidine- 
sulphonesulphonic  acid  separates  after  some  time;  it  is  very 
sparingly  soluble  in  hot  water,  and  crystallizes  out  on  cooling  in 
small  pale  yellow  needles.  It  has  at  first  a  bitter  and  then  a 
sweet  taste,  and  like  benzidinesulphonic  acid  separates  on 
addition  of  acetic  acid  to  solutions  of  its  salts  as  a  yellowish- 
green  jelly.  The  barium  salt,  2(C12H9N2SO,)(S03)2Ba  +  7H20 
forms  aggregates  of  golden-yellow  needles. 
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Bcnzidincsulphonedisulphonic  acid,  2C12H4(S02)(NrI2)2(S03rI)2 
+  3H20,  is  precipitated  from  the  acetic  acid  solution  by  the 
addition  of  a  large  excess  of  hydrochloric  acid ;  it  is  fairly 
sohxble  in  hot  water  and  separates  on  cooling  as  a  yellowish 
jelly ;  hut  on  boiling  the  solution  it  forms  small  pale  yellow 
needles  or  prisms,  which  are  also  formed  by  adding  hydrochloric 
acid  to  the  hot  solution.  The  barium  salt,  2C12H4(S02)(NH2)2 
(S03)2Ba  +  9H20,  is  very  sparingly  soluble  even  in  boiling 
water,  and  crystallizes  in  needles  or  very  small  prisms  (Griess 
and  Duisberg). 

The  disulphonic  acid  and  several  other  sulphone  derivatives 
of  benzidine  are  used  in  the  preparation  of  blue  azo-colours, 
which  will  be  described  later. 


ISOMERIDES   OF   BENZIDINE. 

2727  4  :  2'-Diamidodiphenyl,  ^-Benzidine,  or  Diphenyline, 
C12Hg(NH2)2,  is  formed,  as  already  described,  together  with 
benzidine,  by  the  action  of  acids  on  hydrazobenzene,  and  is  also 
readily  prepared  by  the  action  of  stannous  chloride  on  4-amido- 
2'-nitrodiphenyl.1  It  crystallizes  in  long  needles,  which  melt  at 
45°,  and  become  resinous  and  assume  a  red  colour  when  exposed 
to  air  and  light.  It  differs  from  benzidine  inasmuch  as  it  is 
very  sparingly  soluble  in  water,  and  distils  at  363°  without 
decomposition.  The  distillate  is  a  pale  yellow,  strongly  refrac- 
tive liquid,  which  gradually  solidifies  to  a  resinous  mass,  rarely 
becoming  crystalline.  It  gives  with  chlorine  water  a  reddish- 
brown  amorphous  compound,  and  is  converted  by  ethyl  nitrite 
into  diphenyl.  With  potassium  dichromate  it  gives  the  same 
colour  reactions  as  benzidine  (Julius). 

Diphenyline  hydrochloride,C12H.s(N'H.sGY)2,is  exceedingly  soluble 
in  water,  and  crystallizes  in  long  needles  when  hydrochloric  acid 
is  present ;  its  solution  is  not  precipitated  by  platinic  chloride 
even  on  addition  of  alcohol  and  ether.  The  lasic  salt,  C12H8 
(NH2)NH3C1,  crystallizes  from  water  in  plates. 

Diphenyline  sulphate,  C12H8(NHs)2S04,  is  readily  soluble  in 
water,  and  crystallizes  in  clear  compact  concentric  aggregates  of 
prisms.  On  careful  addition  of  an  alkali  to  its  solution,  the 
lasic  salt,  [C13H8(NH2)NH3]2S04,  which  is  fairly  easily  soluble 
in  water  and  acids,  is  formed. 

1  Schultz,  Schmidt,  and  Strasser,  Annalcn,  207,  354. 
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Tctramethyldiphenylinc,  C12H8[N(CH3)2]2,  is  prepared  by  heat- 
ing diphenyline  hydrochloride  with  the  requisite  quantity  of 
methyl  alcohol  at  180°.  The  mixture  of  bases  thus  obtained  is 
precipitated  by  caustic  potash,  and  boiled  with  acetic  anhydride 
to  convert  the  diphenyline  and  dimethyldiphenyline  into  the 
acetyl  compounds ;  tetramethyldiphenyline  is  then  separated  from 
the  product  by  fractional  distillation.  It  crystallizes  from  alcohol 
in  monosymmetric  prisms,  which  melt  at  51 — 52°,  and  on  rubbing 
or  breaking  show  a  blue  phosphorescence.  Platinum  chloride 
and  hydrochloric  acid  give  a  precipitate  which  at  once  decom- 
poses, and  chloranil  gives  a  blue  colouration.  On  mixing 
alcoholic  solutions  of  the  base  and  of  picric  acid  a  deep  red  crys- 
talline precipitate  of  the  picratc,  C12H8N2(CH3)4  +  C0H3(NO2)3O, 
is  obtained,  which  on  recrystallization  from  hot  alcohol  separates 
in  long  red  needles  resembling  chromium  trioxide.  On  allowing 
an  alcoholic  solution  of  1  rnol.  of  the  base  and  2  mols.  of  methyl 
iodide  to  evaporate,  white  needles  of  C12H8N(CH3)2.N(CH3)3I 
separate  out,  which  melt  at  184°.  If  4  mols.  methyl  iodide  are 
employed,  and  the  mixture  heated  at  100° ,  hexmethyldiphenylium 
iodide,  C12H8N2(CH3)6I2,  separates  in  beautiful  yellow  crystals, 
melting  at  1960.1 

Diacetyldiphenyline,  C12H8(NH.CO.CII3)2,  is  formed  by  boiling 
the  base  with  an  excess  of  acetic  acid,  and  crystallizes  from 
alcohol  in  needles,  melting  at  202°. 

3 :  Z'-Biamidodiphenyl,  C12H8(NH2)2,  is  obtained  by  the  re- 
duction of  m-dinitrodiphenyl  with  tin  and  hydrochloric  acid.  It 
separates  from  its  salts  on  treatment  with  alkalis  as  an  oil, 
which  solidifies  after  a  time  to  a  crystalline  mass,  sparingly 
soluble  in  water.  On  addition  of  hydrochloric  acid  to  its 
ethereal  solution  the  hydrochloride  separates  in  beautiful  white 
needles ;  and  when  platinum  chloride  is  added  to  its  alcoholic 
solution,  the  platinochloride,  C12H8(NH3)2PtCl6,  is  precipitated 
in  straw-yellow  granules.  The  sulphate,  012H8(NH3)2SO4,  crys- 
tallizes in  long  needles,  which  are  insoluble  in  cold  water, 
sparingly  soluble  in  hot  water  and  alcohol. 

Diacetyl-3 :  3' ' -diamidodiphmyl,  C12Hg(NH.CO.CH3)2,  likewise 
forms  long  needles,  which  melt  at  25  7°.2 

2 : 2'-Diamidodiphenyl,  C12H8(NH2)2,  is  prepared  by  the  re- 
duction of  the  corresponding  dinitro-compound  with  tin  and 
hydrochloric  acid  in  presence  of  alcohol.     It  crystallizes  from 

1  Keuland,  Bcr.  22,  3011. 

2  Brunner  and  "Witt,  Bcr.  20,  1023. 
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aqueous  alcohol  in  slender,  colourless  needles,  which  melt  at 
81°,  and  distil  without  decomposition  when  quickly  heated  in 
small  quantities.  Its  hydrochloride  is  readily  soluble  in  water, 
but  sparingly  in  hydrochloric  acid  ;  the  sulphate,  unlike  that  of 
benzidine,  is  readily  soluble  in  water,  and  even  in  aqueous 
alcohol.  It  yields  azo-colours  which  do  not  dye  unmordanted 
cotton  directly.  Its  diacctyl  compound  crystallizes  from  absolute 
alcohol  in  small  colourless  prisms,  melting  at  161".1 

Another  diamidodiphenyl  is  formed  when  dinitro-4 :  4'- 
dibromodiphenyl  is  reduced  with  tin  and  hydrochloric  acid,  and 
the  solution  obtained  treated  with  sodium  amalgam  till  the 
bromine  is  replaced  by  hydrogen,  a  process  which  requires 
several  weeks  for  completion.  The  base  is  extracted  from  the  alka- 
line solution  by  ether,  the  latter  evaporated  off  and  the  residue 
distilled.  A  yellow  oil  passes  over  above  360°,  and  solidifies  in 
the  cold  to  a  clear  turpentine-like  mass,  the  alcoholic  solution 
of  which  has  a  beautiful  blue  fluorescence.  The  sulphate  could 
not  be  obtained  crystalline,  and  the  solution  of  the  hydrochloride 
gives  no  precipitate  with  platinic  chloride  ;  Tvith  chlorine  water 
it  yields  a  dark,  dirty  green,  and  with  bromine  water  a  white 
precipitate.     Its  constitution  is  not  yet  satisfactorily  proved.2 

Isobenzidine,  C12H8(NH2),  is  obtained,  according  to  Bernthsen, 
together  with  carbazole  (p.  415)  and  other  compounds  when 
aniline  vapour  is  passed  through  a  red-hot  tube.  It  crystallizes 
in  small  lustrous  plates,  which  melt  at  125°,  and  like  benzidine 
forms  a  sparingly  soluble  sulphate,  but  is  distinguished  from  the 
latter  inasmuch  as  on  addition  of  chlorine  water  to  its  aqueous 
solution  it  gives  a  greyish-brown  colouration,  and  then  a  brown 
precipitate.  It  is  sparingly  soluble  in  carbon  disulphide,  the 
solution  gradually  assuming  a  red  colour  on  shaking  with 
bromine  water.3 


Teiamidodiphenyls,  C12H7(NH2)3. 

2728  2-Am'tdobenzidinc  was  obtained  by  Tauber  by  reduc- 
ing 2-nitrobenzidine  with  tin  and  hydrochloric  acid,  remov- 
ing the  tin  with  sulphuretted  hydrogen,  and  evaporating  the 
filtrate.  The  hydrochloride  then  separates  as  a  white  crystal- 
line  compound;  if  ammonia  be  added  to  the  warm  solution 

1  Tauber,  Ber.  24   198.  2  Strasser  and  Schultz,  Annalen,  210,  194. 

'  Ber.  19,  420. 
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the  free  base  crystallizes  out  on  cooling  in  long  colourless 
needles,  which  melt  at  134°.  As  it  yields  a  brown  colouring 
matter  on  treatment  with  nitrous  acid  or  a  diazo-chloride,  its 
constitution  must  be  represented  by  the  formula : 

^H2 


H.,N<         >— <        >NH 


2- 


Tetkamidodiphenyls,  C12Hc(NH2)4. 

2  :  2' '  -Diamidobenzidinc  was  likewise  obtained  by  Timber  from 
2  : 2'-dinitrobenzidine.  It  crystallizes  in  plates  resembling  those 
of  benzidine,  melts  at  165°,  does  not  react  with  o-diketones,  but 
yields  brown  colouring  matters  with  diazo-salts  and  nitrous  acid, 
and  must  therefore  be  a  di-meta-compound. 

3  :  3' ' -Biamidobcnzidine  is  prepared  by  reducing  3  :  3'-dinitro- 
benzidine  with  a  hydrochloric  acid  solution  of  stannous  chloride, 
and  is  precipitated  by  ammonia  from  solutions  of  its  salts  in 
silvery  plates,  which  blacken  rapidly  in  the  air. 

3  :3'-JDiamidobenzidine  hydrochloride,  C19H6(NH3C1)4  +  2H,0, 
crystallizes  in  needles,  which  readily  dissolve  in  water,  and 
quickly  become  brown  in  the  moist  condition.  On  addition  of 
dilute  sulphuric  acid  to  its  solution,  the  basic  sulpliate,  C12H6 
(NH2)2(NH3)2S04,  separates  out  in  slender  needles. 

On  heating  the  hydrochloride  with  benzaldehyde  copious 
evolution  of  hydrogen  chloride  takes  place,  which,  together  with 
other  reactions,  shows  that  the  base  is  a  3  :  3'-diamido-compound, 
of  the  following  constitution  : 

H2^L  _NH2 

Xl2lNv  ,      ,  ,iNn2. 

From  this  follows  also  the  constitution  of  3  :  3'-dinitrobenzidine 
and  of  3  :  S'-dinitrodiphenyl.1 

Tctramethyltetramidodiphenyl,  C12H(i(NH2)2N2(CH3)4,  is  ob- 
tained by  the  reduction  of  dinitratetramethylbenzidine,  and 
crystallizes  from  alcohol  in  beautiful  silvery  plates,  melting  at 
168°.  Its  solution  in  hydrochloric  acid  is  coloured  violet  by 
ferric  chloride.2 

1  Bmnner  and  Witt,  Ber.  20,  1023. 

2  Michler  and  Pattinson,  Ber.  17,  115. 
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IMIDODIPHENYL  OR  CARBAZOLE,  C12H9N. 

2729  This  compound  was  discovered  by  Graebe  and  Glaser 
together  with  other  substances  in  crude  anthracene.  As  it  gave 
a  crystalline  picrate,  it  was  regarded  as  a  new  hydrocarbon  until 
analysis  showed  that  it  contained  nitrogen.1  Graebe  then 
prepared  it  synthetically  by  passing  the  vapour  of  aniline  or 
diphenylamine  through  a  red-hot  tube,  which  shows  its  con- 
stitution : 

CfiHgv  C6H4v 

>NH  =    I         >NH  +  Hr 

C6H/  C8H/ 

Only  a  portion  of  the  diphenylamine  is  converted  into  carbazole, 
as  the  hydrogen  set  free  acts  on  the  remainder  with  formation  of 
aniline,  benzene,  and  ammonia.2 

Carbazole  is  also  formed  when  thiodiphenylamine  is  boiled 
for  some  hours  with  freshly  reduced  copper,3  which  is  of  interest 
inasmuch  as  it  proves  the  exact  constitution  of  the  compound, 
Bemthsen  having  shown  that  thiodiphenylamine  (Part  III., 
p.  376)  is  formed  by  heating  o-amidothiophenol  with  catechol.4 
The  constitution  of  the  two  compounds  is  therefore  represented 
by  the  formulae  : 

Thiodiphenylamine.  Carbazole. 


NH'  ^Nh/ 

Carbazole  likewise  occurs  in  crude  aniline,  and  is  formed  in 
quantity  by  the  distillation  of  azodiphenyl-blue  with  lime.5  It 
may  also  be  prepared  by  heating  2  :  2'-diamidodiphenyl  with  25 
percent,  sulphuric  acid  or  15  per  cent,  hydrochloric  acid  at  200°, 
the  yield  being  almost  quantitative,6  or  by  distilling  2-amidodi- 
phenyl  over  lime.7 

In  order  to  obtain  it,  crude  anthracene  is  washed  with  water 
containing  sulphuric  acid,  and  then  extracted  with  ethyl  acetate  ; 

1  Annalen,  163,  343.  2  Annalcn,  167,  125  ;  174,  180. 

3  Goske,  Ber.  20,  232.  *  Ber.  19,  3255. 

6  Witt,  Ber.  20,  1541.  6  Timber,  Ber.  24,  200. 

?  Blank,  Bar.  24,  306. 
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after  evaporating  off  the  latter,  the  residue  is  washed  with 
carbon  bisulphide,  dissolved  in  hot  toluene,  and  picric  acid  added. 
On  cooling,  the  compound,  C12H9N  +  C6H3(N02)30,  crystallizes 
out  in  large  red  prisms,  which  melt  at  182°.  These  are  readily 
decomposed  by  ammonia  and  the  carbazole  purified  by  recrys- 
tallization  from  alcohol  or  toluene.1  It  may  also  be  obtained  by 
distilling  crude  anthracene  with  caustic  potash,  when  potassium 
carbazole,  C12H8NK,  remains  behind,  and  may  be  decomposed 
by  water.2 

It  is  sparingly  soluble  in  alcohol,  ether,  acetic  acid,  benzene, 
&c,  in  the  cold,  but  more  readily  on  warming,3  and  crystallizes 
in  plates  or  tablets,  melting  at  238°.  It  readily  sublimes,  and 
boils  at  354 — 355°,  the  sp.  gr.  of  its  vapour  being  5'86 — 5'90. 
It  may  be  distilled  without  alteration  over  red-hot  zinc  dust, 
and  is  not  attacked  by  concentrated  hydrochloric  acid,  or 
alcoholic  potash  at  300°. 

It  dissolves  in  concentrated  sulphuric  acid  with  a  yellow  or 
brownish-yellow  colour,  which  changes  to  a  beautiful  green  on 
addition  of  chlorine,  oxides  of  nitrogen,  or  other  oxidizing  agents. 
If  a  piece  of  pine-wood  be  saturated  with  an  alcoholic  solution  of 
carbazole,  and  exposed  to  the  action  of  hydrogen  chloride,  it 
assumes  a  deep  red  colour ;  and  if  a  mixture  of  carbazole  and 
isatin  be  dissolved  in  concentrated  sulphuric  acid,  a  deep  blue 
colouration  is  produced.  If  sulphuric  acid  be  diluted  with  two 
volumes  of  acetic  acid,  and  a  mixture  of  quinone  and  carbazole 
added,  an  intense  carmine-red  solution  is  obtained,  from  which 
water  precipitates  a  red  or  reddish-violet  colouring  matter.4 

Methylcarbazole,  C12H8NCH3,  is  formed  when  carbazole  is  fused 
with  twice  its  weight  of  caustic  potash,  and  the  product 
heated  with  methyl  iodide  at  170 — 190°.  It  crystallizes  from 
alcohol  in  needles  or  nacreous  plates,  melts  at  87°,  and  forms 
a  picrate,  crystallizing  in  dark  red  needles,  which  melt  at  141°.5 

Mhylcarbazole,  C12H8NC2H5,  crystallizes  from  ether  in  plates, 
melts  at  67- — 68°,  and  likewise  forms  a  picrate,  which  crystallizes 
in  pale  red  needles,  melting  at  97°. 

Acetylcarbazole,  C12H8.N.CO.CH3,  is  formed  by  heating  car- 
bazole with  acetic  anhydride  at  250°,  and  crystallizes  from  dilute 
alcohol  in  flat  prisms,  melting  at  69°. 

Benzoylcarbazole,    C12H8N.CO.CfiH6,    is    prepared  by  heating 

1  Zeidler,  Annalen,  191,  290,  2  Graebe,  Annalen,  202,  19. 

3  Zechi,  Ber.  12,  1976.  "  Hooker,  Bar.  21,  3299. 

6  Graeba  and  B.  v.  Adderskron,  Annalen,  202,  23. 
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carbazole  with  benzoyl  chloride  at  160 — 170°,  and  crystallizes 
from  alcohol  in  pale  green  silky  needles,  melting  at  98'5°.  It  is 
decomposed  by  alcoholic  potash,  but  not  by  the  aqueous  solution, 
and  does  not  unite  with  hydroxylamine  or  phenylhydrazine.1 

Nitrosocarbazole,  C12H8N.NO,  is  obtained  when  carbazole  is 
suspended  in  a  mixture  of  ether  and  acetic  acid,  and  potassium 
nitrite  added.  It  crystallizes  from  alcohol  in  flat  yellow  needles, 
which  have  a  golden  lustre,  and  melt  at  82°  (Zeidler). 

Trichlorocarbazole,  C12H6C13N,  was  obtained  by  Graebe  and 
Knecht  by  the  action  of  chlorine  on  carbazole  suspended  in 
acetic  acid,  the  solution  becoming  first  bluish-green,  then  pale 
green,  yellow,  and  finally  orange.  On  addition  of  water  to  the 
pale  green  solution,  trichlorocarbazole  separates  out,  and  crystal- 
lizes from  benzene  in  long  greenish-yellow  needles,  which  melt 
at  180°,  sublime  in  beautiful  needles,  and  boil  at  about  the  same 
temperature  as  sulphur.  It  dissolves  in  pure  sulphuric  acid 
with  a  pale  green  colour,  which  is  changed  to  emerald  green  by 
a  trace  of  nitric  acid,  and  disappears  on  warming.  It  is  not 
attacked  by  alcoholic  potash,  and  forms  an  unstable  jpicrate 
crystallizing  in  red  needles,  and  melting  at  100°.2 

Hexchlorocarbazole,  C12H3Cl6lSr,  is  obtained  by  passing  in 
chlorine  till  the  solution  has  assumed  a  deep  red  colour,  and  no 
more  chlorine  is  absorbed.  It  crystallizes  from  benzene  in  long 
yellow  needles,  which  melt  with  decomposition  at  225°,  and 
dissolve  without  alteration  in  hot  concentrated  nitric  acid.  It 
dissolves  with  difficulty  in  sulphuric  acid,  forming  a  yellowish- 
sreen  solution,  which  on  addition  of  a  trace  of  nitric  acid  becomes 

o  * 

blue,  violet,  red,  and  finally  yellow. 

Octochlorocarbazole,  C12HC18N,  is  formed  by  the  .action  of 
antimony  pentachloride  on  the  foregoing  compound,  and  crystal- 
lizes from  benzene  in  slender  white  needles,  melts  at  275°, 
and  sublimes  without  decomposition.  It  is  insoluble  in  pure 
sulphuric  acid,  but  in  presence  of  a  trace  of  nitric  acid  goes 
into  solution  with  a  beautiful  blue  colour,  which  then  changes 
to  golden-yellow.  On  heating  with  antimony  pentachloride  it 
forms  hexchlorobenzene. 

Nitrocarbazoh,  C12H7(N02)NH,  is  obtained  by  the  hydrolysis 
of  benzoylnitrocarbazole,  and  crystallizes  from  boiling  alcohol 
in  plates  or  scales,  which  melt  at  210°  to  a  red  liquid.  It  is 
very  sparingly  soluble  in  hot  acetic  acid,  chloroform  and 
benzene,  and  almost  insoluble  in  ether  and  light  petroleum. 
1  Mazzara,  Ber.  24,  278.  2  Annalen,  202,  27. 
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Bcnzoylnitrocarlazole,  C12H7(N02)N.CO.C6H6,  is  prepared  by 
the  action  of  nitric  acid  of  sp.  gr.  T48  on  a  solution  of  benzoyl- 
carbazole  in  hot  acetic  acid,  and  crystallizes  from  the  latter  in 
yellow  lustrous  plates,  which  melt  at  180°,  are  fairly  soluble  in 
warm  ether  and  benzene,  very  sparingly  in  alcohol  and  light 
petroleum.1 

Carhazoledisidphonic  acid,  C12H7N(S03H)2,  is  prepared  by 
warming  carbazole  with  concentrated  sulphuric  acid.  In  order 
to  separate  the  compound  it  is  converted  into  the  barium  salt, 
and  the  latter  decomposed  by  sulphuric  acid.  The  solution  is 
then  treated  with  a  3  per  cent,  solution  of  potassium  perman- 
ganate as  long  as  it  is  decolourized,  whereby  certain  impurities 
are  oxidized  which  would  otherwise  prevent  the  crystallization 
of  the  acid.  On  evaporation  the  potassium,  salt  separates  out 
in  microscopic  cubes.  To  obtain  the  free  acid,  hydrofluosilicic 
acid  and  alcohol  are  added  to  a  concentrated  solution  of  the 
potassium  salt,  the  precipitate  filtered  off  after  some  days, 
and  the  filtrate  concentrated.  Carbazoledisulphonic  acid  then 
crystallizes  out  in  white  silky  needles.2 

Dinitrocarbazole,  C12H6(N02)2NH,  is  formed  when  4  parts  of 
nitric  acid  (sp.  gr.  T38)  are  slowly  added  with  constant  stirring 
to  a  mixture  of  4  parts  of  carbazole  and  15  parts  of  acetic  acid, 
and  the  whole  heated  for  half  an  hour  at  100°;  on  cooling  it 
separates  out  as  a  yellow  crystalline  powder.3 

Tetranitrocarbazole,  C12H4(N02)iNH,  is  obtained  by  gradually 
adding  carbazole  to  30  parts  of  concentrated  nitric  acid  and 
warming  to  100°.  It  is  almost  insoluble  in  alcohol,  ether,  and 
benzene,  and  separates  from  acetic  acid  in  slender,  citron-yellow 
crystals,  which  on  boiling  with  dilute  caustic  potash  yield  the 
reddish-brown  crystalline  potassium  salt,  C12H4(N02)41NIK  ;  the 
latter  is  insoluble  in  water,  and  is  readily  decomposed  by  acids 
(Graebe  and  Behaghel). 

According  to  Ciamician  and  Silber,  when  carbazole  is  added 
to  12  parts  of  fuming  nitric  acid  and  the  whole  warmed,  a 
mixture  of  four  tetranitrocarbazoles  is  formed.  On  cooling, 
the  first  three  described  below  are  precipitated,  and  may  be 
separated  by  crystallization  from  acetic  acid;  from  the  nitric 
acid  mother-liquor  water  precipitates  the  S-compound,  which 
is  formed  in  the  largest  quantity.4 

1  Mazzara,  24,  280.  2  Bechhold,  Ber.  23,  2U4. 

3  Bad.  Anilin.  u.  Soda.  Fabrik.  Bcr.  22,  177  c. 
*  Gazzctta,  12,  277. 
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a,  small  needles,  melting  at  308°  with  decomposition. 

/3,  pale-yellow  hexagonal  tablets,  which  do  not  melt  at  320°. 

7,  pale-yellow  rhombic  tablets,  melting  at  285°  with  decom- 
position. 

S,  small  yellow  quadratic  prisms,  which  decompose  without 
melting. 

4>-Amidocarbazolc,  C12H7(NH2)NH,  is  formed  by  distilling 
diphenyline  over  quicklime,  and  crystallizes  from  water  in 
slender  needles,  melting  at  238°,  very  similar  in  appearance  to 
those  of  benzidine.1 

Diamidocarbazole,  C12H6(NH2)2NH,  is  obtained  by  the  re- 
duction of  dinitrocarbazole  with  tin  and  hydrochloric  acid, 
and  crystallizes  in  silvery  plates,  which  are  sparingly  soluble 
in  water  and  do  not  melt  at  250°.  The  hydrochloride  forms 
long  slender  needles,  which  are  sparingly  soluble  in  hydro- 
chloric acid,  whilst  the  sulphate,  which  crystallizes  in  slender 
needles,  is  sparingly  soluble  in  water,  but  readily  in  dilute  acids. 
It  is  employed  in  the  manufacture  of  carbazole  yellow. 

4  : 4' '-Diamidocarbazole,  C12H6(NH2)2NH,  is  prepared  by  heat- 
ing 2  : 2'-diamidobenzidine  hydrochloride  with  6  times  its  weight 
of  18  per  cent,  hydrochloric  acid  at  180 — 190°.  The  somewhat 
dark-coloured  product  is  evaporated  to  dryness,  the  aqueous 
solution  of  the  residue  boiled  with  animal  charcoal,  and  mixed 
with  an  excess  of  dilute  sulphuric  acid.  4  :  4 '-Diamidocarbazole 
sulphate,  C12H11N3.H2S04,  separates  in  colourless  needles,  or  if 
the  solution  be  concentrated,  as  a  white  crystalline  precipitate, 
which  is  almost  insoluble  in  boiling  water.  The  hydrochloride 
is  fairly  soluble  in  water,  and  separates  out  in  a  crystalline 
condition  on  adding  hydrochloric  acid.  The  free  base  is  readily 
obtained  from  the  hydrochloride,  and  crystallizes  from  alcohol 
in  flat  silvery  needles,  which  blacken  at  200°  and  then  form 
a  tarry  mass.  It  yields  tetrazo-colours  which  dye  cotton  fabrics 
directly,  in  similar  shades  to  the  benzidine  colours.2 

2730  Garbazoline,  C12H15]Sr,  is  formed  by  heating  carbazole 
with  hydriodic  acid  and  amorphous  phosphorus  at  220 — 240°, 
and  is  a  weak  base,  which  separates  from  solutions  of  its  salts 
on  addition  of  an  alkali  as  a  precipitate  of  microscopic  needles, 
which  soon  unite  to  form  large  needles.  It  crystallizes  from 
alcohol,  ether,  benzene,  &c,  in  long  flat  silky  needles,  which 
readily  sublime,  melts  at  99°,  and  boils  at  296—297°,  its 
vapour  having  the  sp.  gr.  6'06.  Its  smell  is  characteristic,  and 
1  Blank,  Bcr.  24,  306.  2  Tauber,  Ser.  23,  3266. 
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exceedingly  pungent  when  warm;  it  is  readily  attacked  by 
oxidizing  agents  with  formation  of  dirty-green  or  brown  pro- 
ducts, and  on  heating  at  300 — 360°  yields  a  hydrocarbon, 
C12H20,  boiling  at  225°,  which  has  not  been  further  examined. 

Carbazoline  hydrochloride,  C12H16N.HC1,  remains  as  a  syrup 
on  evaporating  the  aqueous  solution,  and  separates  in  the  same 
form  when  hydrogen  chloride  is  passed  into  an  ethereal  solution 
of  the  base ;  on  standing,  however,  it  gradually  crystallizes  in 
thick,  hard  tablets.  On  long-continued  heating  at  300°,  it  loses 
hydrogen  chloride  and  hydrogen,  forming  the  non- basic  compound 
a-hydrocarbazole,  C12H13N,  which  forms  crystals  having  a  smell 
resembling  that  of  a-naphthylamine,  melts  at  120°,  boils  at 
325 — 330°,  and  forms  a  picrate,  crystallizing  in  brown  plates.1 

Mhylcarbazoline,  C12HUN.C2H5,  is  formed  by  heating  car- 
bazoline with  ethyl  iodide  and  alcohol.  The  hydriodide  then 
crystallizes  out  in  tablets. 

Acetylcarbazoline,  C12H14N.CO.CH3,  is  prepared  by  heating 
carbazoline  with  acetic  anhydride;  it  is  readily  soluble  in 
alcohol,  crystallizing  from  the  solution  in  beautiful,  white 
needles,  which  melt  at  98°  (Graebe  and  Behaghel). 

/3-Hydrocarbazole,  C12H13]Sr.  By  the  electrolysis  of  phenol 
with  alternating  currents  Dreschel  obtained  the  compound 
hydrophenohdone  or  kdohexhydrobenzene,  C6H10O.  This  forms  a 
crystalline  hydrazone,  which  is  converted  by  the  action  of  dilute 
acid  into  hydrophcnanilide  or  ft-hydrocarbazole?  This  reaction 
corresponds  to  the  indole  syntheses  of  Emil  Fischer : s 

CH2  CH, 

/\  /V 

H,C     CH2  H9C      CH, 

II  "II 

H2G     C  H,C      C 


CH9N  C 


CH  NH  C 

HC     C  HC      C 

I       II  I        II 

HC      CH  HC      CH 

\/  \/ 

CH  CH 


NH      +  NH,. 


1  Glaser  and  Graebe,  Annalen,  163,  352  ;  170,  88.       2  J.  Tr.  Chem.  II.  38   65. 
3  Baeyer  and  Tutei'n,  Bcr.  22,  21S4  ;  E.  Fischer,  Annalen,  236,  116.       ' 
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Tetrahydrocarbazole  crystallizes  in  cokuirless  plates,  which 
melt  at  108°,  and  are  sparingly  soluble  in  water,  readily  in 
alcohol. 

Amidohydeoxydiphenyls. 

2731  4  : 4' '-Diamido-3-hydroxydiphenyl,  or  Hydroxybenzidine, 
C12H7(OH)(NH2)2.  By  the  action  of  a  solution  of  phenol- 
p-sulphonic  acid  in  caustic  soda  on  diazobenzene  chloride, 
sodium  henzeneazophenolsulphonate,  C6H6.N2.C6H3(OH)S03Na,  is 
obtained,  and  crystallizes  in  yellow  plates.  When  this  is 
triturated  with  water  and  gradually  added  to  a  hydrochloric  acid 
solution  of  stannous  chloride,  reduction  accompanied  by  inter- 
molecular  change  takes  place,  and  on  evaporating  the  solution 
after  removal  of  the  tin  by  sulphuretted  hydrogen,  the  hydro- 
chloride of  diamidohydroxydiphenylsulphonic  acid  separates  out 
in  large  clear  crystals;  these  are  converted  on  heating  with 
water  at  180°  into  diamidohydroxydiphenyl  sulphate,  C12H7(OH) 
(NH3)2S04,  which  is  almost  insoluble  in  water,  but  dissolves 
more  readily  in  dilute  hydrochloric  acid.  The  free  base  separates 
out  on  addition  of  caustic  soda  in  colourless  plates,  which  melt 
at  185°,  and  are  sparingly  soluble  in  water,  alcohol,  and  ether, 
but  readily  in  alkalis,  the  latter  solution  quickly  undergoing 
oxidation  in  the  air.1  It  is  also  formed  when  benzidinesulphone 
is  fused  with  caustic  soda :  2 

C12H6(NH2)2S02  +  2NaOH  =  C12H7(NH2)2OH  +  Na2S03. 

Its  constitution  is  represented  by  the  following  formula : 

_OH 

h2n<^J>-/_\nh2. 

is-A'-Diamido-S-ethoxydiphenyl,  C12H7(OC2H5)(NH2)2,  is  pre- 
pared in  a  similar  manner  from  benzeneazopheneto'ilsulphonic 
acid,  C6H5.N2.C6H3(OC2H6)S03H,  and  crystallizes  in  lustrous 
flat  needles,  which  melt  at  134—135°,  and  are  sparingly  soluble 
in  water,  readily  in  alcohol,  but  insoluble  in  alkalis.  Its  difficultly 
soluble  sulphate  forms  prisms,  and  dissolves  in  hydrochloric  acid 
with  formation  of  a  basic  salt.  On  heating  the  ethyl  compound 
with  hydrochloric  acid  under  pressure  it  yields  ethyl  chloride 
and  diamidohydroxydiphenyl  hydrochloride. 

1  Weinberg,  Ber.  20,  3171.  z  Griess  and  Duisberg,  Ber.  22,  2468. 
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Amido-diphenols. 

2732  3  : 3'-Diamido-y-diphenol,  C12H6(NH2)2(OH)2,  is  obtained 
by  the  reduction  of  3 : 3'-dinitro-7-diphenol ;  it  crystallizes  in 
colourless  needles  or  plates,  and  its  readily  soluble  hydrochloride, 
C12H6(NH3C1)2(0H)2)  forms  needles  or  nodules.  The  alcoholic 
ammoniacal  solution  assumes  a  deep-green  colour  in  the  air. 

Diacdyldiamido-y-diphenol,  C12H„(NH.CO.CH3)2(OH)2,  was 
obtained  by  Schiitz  by  the  action  of  acetic  acid  on  diamido-7- 
diphenol,  and  crystallizes  in  white  needles  which  melt  at  210°, 
and  are  soluble  in  alkalis  but  not  in  acids. 

Tetracetyldiamido-<y-diphenol,  C12H6(NH.CO.CH3)  2  (0  .C  0  .CH3)  2, 
was  prepared  by  Kunze  by  boiling  diamido-7-diphenol  with 
acetic  anhydride ;  it  crystallizes  in  white  needles,  which  melt  at 
225°,  and  on  more  strongly  heating  lose  acetic  acid,  passing  into 
the  following  compound. 
Diethenyldiamido-y-dip>hcnol  is  formed  according  to  the  equation 

c„h/  ca<    >c.ch3 

+  2CH8.COOH. 


^o-'-'-s 


6-^3^ 


-NH.CO.CH 

,O.CO.CH3 

^NH.CO.CH, 


C6H 3< C6H 3/  _  ^C.CH3 


Schiitz  also  obtained  it  by  heating  diamido-7-diphenol  with 
acetyl  chloride  at  150°.  It  crystallizes  in  colourless  prisms, 
melting  at  195°,  and  is  soluble  in  acids  but  not  in  alkalis. 

The  formation  of  this  anhydro-compound  shows  that  the 
amido-groups  in  diamido-7-diphenol,  occupy  the  ortho-position 
to  the  hydroxyl  groups,  and  it  has  therefore  the  constitution : 

H2N_  _NH2 

This  also  shows  the  constitution  of  3  :  S'-dinitro-^-diphenol.1 

Tetramido-'y-diphenol,  C12H4(NH2)4(OH)2,  is  prepared  by  the 

reduction  of  the  corresponding  dinitro-compound,  and  crystallizes 

in  white  needles  or  silvery  plates,  which  become  blue  in  the 

air.     On  passing  air  through  its  solution  in  alcoholic  ammonia, 

1  Kunze,  Ber.  21,  3331  ;  Schiitz   Ber.  21,  3530. 
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tetramidodibenzoquinonc,  C12H4(NH2)402,  separates  out  in  blue- 
black  needles,  which  have  a  bronze  lustre. 

Hexacetyltetramido-y-diphenol,  C12H4(NH.CO.CH3)4(O.CO 
CH3)2,  separates  as  a  crystalline  powder  on  boiling  the  base  with 
acetic  anhydride,  and  on  warming  with  caustic  soda  yields  the 
tdracetyl  compound,  C12H4(NH.CO.CH3)4(OH)2,  which  crystal- 
lizes in  lustrous  needles,  melting  at  280°. 

The  constitution  of  tetramido-7-diphenol  may  be  represented 
in  different  ways,  as  for  example  : 


H2N 


OH 


OH 


NH, 


NH, 


NH, 


OH 


H,N 


NH, 


H2N 


NH, 


OH 


NH2 

NH2 


h2n/\ 


OH 


NH, 


OH 


Kunze  assumed  the  first  of  these  formulas,  but  Schiitz  found 
that  it  yields  with  acetyl  chloride  a  diethenyl  base,  which  he 
states  is  soluble  in  alkalis,  and  must  therefore  contain  a  hydroxyl 
group.  Such  a  compound  can  only  be  formed  if  the  constitution 
of  the  base  is  represented  by  the  second  or  third  formula,  and  of 
those  Schiitz  gives  preference  to  the  second. 

2:2'-l)iamidodiphenctoll, or  I)iphenetidine,[GeJis(0Golis)'NlI2\v 
is  obtained  from  o-nitrophenetoil,  C6H4(N02)OC2H5,  by  convert- 
ing it  into  hydrazophenetoll  and  heating  the  latter  with 
concentrated  hydrochloric  acid,  or  better  by  adding  the  hydrazo- 
compound  to  a  warm  hydrochloric  acid  solution  of  stannous 
chloride,  boiling  for  a  short  time  and  concentrating.  On  cooling, 
the  double-salt,  C12H6(OC2H5)2(NH3Cl)2  +  2SnCl2,  crystallizes 
out  in  beautiful  rhombic  plates.  On  decomposition  with  sul- 
phuretted hydrogen  the  hydrochloride  is  obtained,  and  crystallizes 
in  tablets  or  concentric  aggregates  of  needles.  The  base,  which 
may  be  separated  by  ammonia,  forms  plates  or  needles,  which  are 
scarcely  soluble  in  cold,  more  readily  in  hot  water,  and  easily  in 
alcohol.  On  shaking  its  ethereal  solution  with  a  trace  of 
bromine  a  beautiful  moss-green  compound  separates,  which 
readily  becomes  brown.1 

1  Mohlau,  J.  Fr.  Chem.  II.  19,  381. 
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Dianisidine,  [C6H3(OCH3)NH2].„  is  obtained  on  the  large 
scale  in  a  similar  manner  from  o-nitranisoil,  and  likewise  crys- 
tallizes in  plates.  Both  this  and  the  previous  compound  are 
employed  in  the  colour  industry.1 

Diamido-diphenylcne  oxide,  C]2H6(NH2)20,  is  formed  by  heat- 
ing benzidinedisulphonic  acid  with  caustic  soda  under  pressure, 
and  crystallizes  from  hot  water  in  white  needles,  melting  at 
150 — 152°.  Its  hydrochloride  is  readily,  and  its  sulphate  sparingly 
soluble.     It  is  also  employed  in  the  preparation  of  azo-colours.2 

4  :  4<'-Dia7nido-2  :  2'  :  3  :  S'-tetrahydroxydiphenyl,  C12H4(NH2)2 
(OH)4.  The  ethyl  ether  of  this  compound  is  formed  when 
nitro-p-diethoxybenzene  is  warmed  with  zinc  dust  and  alcoholic 
potash,  and  the  letra-ethoxyhydrazooenzene  thus  obtained,  heated 
with  hydrochloric  acid.  It  crystallizes  from  dilute  alcohol  in 
plates,  melting  at  120°,  and  forms  a  hydrochloride  which  crystal- 
lizes in  slender  silky  needles;  on  addition  of  oxidizing  agents 
to  its  solutions  these  assume  a  dark-brown  colour,  and  a 
precipitate  which  has  a  metallic  lustre  is  formed.3 


Tetrazo-Derivatives  of  Diphenyl. 

2733  These  compounds,  which  contain  the  diazo-group  twice, 
were  also  discovered  by  Griess.4 

Tetrazodiphcnyl  nitrate,  (CgH^.TSTi^rN.NOg),,  is  readily  formed 
when  nitrogen  trioxide  is  passed  into  a  cold  concentrated  solu- 
tion of  benzidine  nitrate.  On  addition  of  alcohol  and  ether  it 
separates  in  white  or  yellowish  needles,  which  are  readily  soluble 
in  water,  sparingly  in  alcohol,  insoluble  in  ether,  and  on  heating 
explode  as  violently  as  diazobenzene  nitrate.  Hot  water  decom- 
poses it  into  nitric  acid,  nitrogen  and  7-diphenol.  On  addition 
of  platinum  chloride  to  its  solution,  the  platinochloride, 
Ci2H8N4PtClc,  separates  out  in  pale-yellow  narrow  plates  or 
small  six-sided  tablets  greater  in  length  than  in  width,  accord- 
ing to  the  concentration.  On  heating  with  soda  it  decomposes, 
forming  4 : 4'-dichlorodiphenyl. 

Tetrazodiphcnyl  sulphate,  (C12H8N4S04)2H2S04,  separates  on 
addition  of  sulphuric  acid    and    alcohol   to  a  solution   of  the 

1  Farbenfabr.  vorm.  Bayer  and  Co.,  Friedldnder' s  Thcerfarbcn   488. 

2  Farbenfabr.  vorm.  Bayer  and  Co.,  Chem.  Zcit.  1889  1240  ;  Schultz 
Stcinkohlcnthecr,  2,  1179. 

3  Nietzki,  Annalcn,  215,  146.  *  Journ.  Chem.  Soc.  1867   94. 
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nitrate  as  a  crystalline  precipitate  or  in  white  needles,  which 
have  the  following  constitution  : 


C12H8< 


,N2,S04H 

>04 

C12Hg/ 

\N2.S04H 

It  is  very  explosive  when  dry,  and  yields  diphenyl  on  hoiling 
with  alcohol. 

Tetrazodiphenyl  perbromide,  C12H8N4Br6,  separates  in  rounded 
reddish  crystals  when  bromine  water  is  added  to  a  solution  of 
the  nitrate.  It  is  a  very  unstable  compound,  which  is  converted 
by  boiling  alcohol  into  4 : 4/-dibromodiphenyl,  and  by  aqueous 
ammonia  into  tetrazodijohenylimide  or  ditriazodiphenyl : 


C6H4.NBr.NBr2  CaH,.N/|| 

+  8NH3  =  JJ    +  6NH4Br. 

C6H4.NBr.NBr9  C,H4.n/  || 

\N 

It  is  insoluble  in  cold  water,  sparingly  soluble  in  cold,  more 
readily  in  hot  alcohol,  and  crystallizes  in  very  lustrous  white  or 
yellowish  plates,  which  melt  at  127°,  and  on  further  heating 
decompose  with  a  crackling  noise. 

Tetrazodiphenylamidobenzene  separates  as  a  yellow  crystalline 
mass  on  addition  of  aniline  to  a  solution  of  the  nitrate.  It 
crystallizes  from  hot  alcohol,  in  which  it  is  only  sparingly  soluble, 
in  spear-shaped  crystals,  which  are  generally  united  in  stellate 
aggregates,  and  explode  on  heating.  Its  constitution  is  re- 
presented by  the  following  formula  : 

C6H4.N:N.NHC6H6 

C6H4.N:N.NH.C6H6' 

/°\ 
Tetrassodvphmol,  [C8HX      ^~1»  is  formed  tv  the  a**1011  of 
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sodium  nitrite  on  a  solution  of  3  : 3'-diamido-7-diphenol,  crys- 
tallizes in  red  needles,  and  when  freshly  prepared  dissolves 
in  hydrochloric  acid  forming  a  red  solution,  which  is  repre- 
cipitated  by  ammonia.1 


Hydkazine-Derivatives  of  Diphenyl. 

2734  Diphenylenehydrazine,  (C6H4.NH.NH2),,  is  most  readily 
obtained  by  dissolving  50  grams  of  benzidine  hydrochloride  in 
40  grams  of  37  per  cent,  hydrochloric  acid,  and  500  c.c.  of 
water,  and  diazotizing  the  well-cooled  solution  with  the 
calculated  quantity  of  sodium  nitrite.  The  product  is  then 
added  to  a  cooled  hydrochloric  acid  solution  of  stannous  chloride, 
and  heated  for  about  two  hours  on  the  water-bath  till  the  scum 
has  disappeared,  and  the  diphenylenehydrazine  hydrochloride 
has  separated  as  a  dirty-brown  precipitate.  An  equal  volume  of 
water  and  some  animal  charcoal  is  then  added,  and  the  whole 
boiled  and  filtered  hot.  The  salt  which  separates  on  cooling  is 
decomposed  by  ammonia,  or  better  by  sodium  acetate  in  hot 
solution,  when  diphenylenehydrazine  separates  out  in  lustrous 
plates,  which  quickly  become  yellow  and  then  brown,  and  melt 
at  167°  with  decomposition.  It  reduces  Fehling's  solution,  is 
sparingly  soluble  in  alcohol  and  ether,  more  readily  in  acetic 
acid,  and  also  fairly  soluble  in  hot  water,  from  which  it  crys- 
tallizes in  slightly  coloured,  very  slender  needles. 

Its  hydrochloride  crystallizes  from  hot  water  in  rosette-shaped 
aggregates  of  small  needles,  which  are  sparingly  soluble  in  water, 
and  still  less  in  hydrochloric  acid  and  alcohol.  The  sulphate  is 
likewise  sparingly  soluble  in  cold  water,  and  crystallizes  from 
the  hot  liquid  in  spherical  aggregates  of  needles. 

Diphenylenedinitrosohydrazine,  [C6H4.N(NO).NH2]2,  separates 
on  mixing  solutions  of  the  hydrochloride  and  sodium  nitrite  as 
a  pale  yellow  precipitate,  which  melts  at  112 — 113°  with 
decomposition,  is  sparingly  soluble  in  alcohol,  more  readily  in 
acetone.  It  is  fairly  stable  in  the  dry  state,  but  rapidly  de- 
composes in  solution. 

Diphenylenedisemicarbazide,  (C6H4.NH.NH.CO.NH2)„  is 
formed  by  adding  potassium  cyanate  to  a  solution  of  the 
diphenylenehydrazine  hydrochloride,  and  is  sparingly  soluble  in 

1  Kiinze,  Ber.  21,  3331. 
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water,  alcohol,  and  ether,  more  readily  in  acetic  acid,  and  crys- 
tallizes from  alcohol  in  slender  needles,  which  melt  with 
decomposition  at  306 — 308°.  Its  hydrochloride  separates  from 
hot  water  in  colourless  plates. 

Diphenylenediacetonehydrazone,  [C6H4.N2H=C(CH3)2]2,  is  pre- 
pared by  dissolving  the  hydrazine  in  acetone ;  on  evaporating 
off  the  excess  of  the  latter,  and  pouring  the  dark-red  liquid  into 
water,  a  reddish-yellow  precipitate  is  formed,  which  may  be 
recrystallized  from  ether.  The  compound  is  very  unstable, 
especially  when  moist,  and  melts  at  197 — 198°  with  decom- 
position. 

On  heating  with  zinc  chloride  at  215 — 220°  it  is  converted 
into  dvphenodimethylindole,  C18H18N2,  which  is  purified  by  dis- 
tillation in  vacuo  and  washing  with  ether.  It  forms  a  pale 
yellow  mass,  which  melts  at  270°,  and  in  alcoholic  solution 
slowly  colours  pine-wood  dipped  in  hydrochloric  acid,  first 
orange  and  then  dark-red.1     It  has  the  following  constitution  : 

C6H4<        \CH 

c6h/     \ch. 

Diphenoldihydrazine,  C12H6(OH)2(N2H3)r  On  addition  of 
stannous  chloride  to  a  hydrochloric  acid  solution  of  tetrazo- 
diphenol,  the  hydrochloride  of  this  compound  is  obtained.  It 
crystallizes  in  slender  white  needles,  and  on  treatment  with 
ammonia  yields  diphenolhydrazine  in  colourless  crystalline 
spangles,  which  melt  with  complete  decomposition  at  140°. 
It  reduces  Fehling's  solution  and  ammoniacal  silver  solution, 
even  in  the  cold. 

Diphenoldiaeetonehydrazone,  C12H6(OH)2[N2H.C(CH3)2]2.  On 
addition  of  acetone  to  a  solution  of  the  hydrochloride  till  it 
commences  to  become  turbid,  this  compound  separates  out  in 
rhombic  plates,  melting  at  200°,  which  are  insoluble  in  alcohol 
and  ether,  sparingly  soluble  in  ammonia,  but  readily  in  caustic 
soda.2 

1  Arheidt,  Annalen,  239,  206.  2  Kunze,  Ber.  21,  3331. 
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Azo-Derivatives  of  Diphenyl. 

2735  4<-Azodiphenyl,  C12H9.N2.C]2H9,  is  formed  by  the  action 
of  sodium  amalgam  on  an  ethereal  solution  of  4-nitrodiphenyl, 
but  is  best  prepared  by  mixing  hot  alcoholic  solutions  of 
4-hydrazodiphenyl  and  ferric  chloride ;  it  separates  as  a  red 
precipitate,  which  is  insoluble  in  alcohol  and  acetic  acid,  but 
dissolves  readily  in  ether,  and  crystallizes  from  benzene  in 
well-developed  orange-red  tablets,  melting  at  249 — 250°. 

4>-Hydrazodiphenyl,  C12H9.NH.NH.C12H9.  Zimmermann  pre- 
pared this  compound  by  heating  azoxydiphenyl  with  alcoholic 
ammonium  sulphide.  It  crystallizes  from  alcohol  in  small  white 
satiny  tablets,  which  melt  at  247°,  and  become  brown  in  the 
air.  On  distillation  it  forms  azodiphenyl  and  4-amidodiphenyl, 
but  is  unaltered  by  hydrochloric  acid  at  280°. 
C12H9.NX 

Azoxydiphenyl,  \    \0,  is    formed    by   boiling   4-nitro- 

C12H9.N/ 
diphenyl  with  alcoholic  potash,   and    crystallizes  in   yellowish 
scales,   which    melt    at    205°,  are    sparingly  soluble    in    acetic 
acid,  and  insoluble  in  alcohol.1 

N02.C12H8.Nx 

Dinitrcazoxy •diphenyl,  I    pO,  is  formed  when  sodium 

no2.c12h8.n/ 

amalgam  is  added  to  4  : 4'-dinitrodiphenyl  suspended  in  alcohol. 
It  is  insoluble  in  the  common  solvents,  but  dissolves  in  boiling 
aniline  with  a  beautiful  orange-red  colour,  and  separates  on 
cooling  as  a  brick-red  crystalline  powder,  which  melts  at  255°, 
By  the  action  of  tin  and  hydrochloric  acid,  or  of  alcoholic 
ammonium  sulphide  at  115°,  it  is  reduced  to  benzidine.2 

Derivatives  of  4-azodiphenylsulphonic  acid  are  obtained  by 
diazotizing  a  hydrochloric  acid  solution  of  4-amidodiphenyl- 
sulphonic  acid  with  sodium  nitrite,  and  adding  an  alkaline 
phenol  solution. 

Sodium  phenolazodipihenylsulphonate,  C6H4(OH)N2.C12H8. 
S03Na,  is  an  amber-yellow  precipitate,  which  readily  dissolves 
in  hot  water,  and  colours  wool  or  silk  a  beautiful  yellow. 

Sodium  rcsorcinolazodiphenylsulphonate,  C6H3(OH)2N2.C12H  . 
S03Na,  is  a  brick-red  crystalline  precipitate,  which  on  drying 
becomes  brown.  It  is  readily  soluble  in  hot  water,  and  dyes 
wool,  silk,  and  unbleached  jute  a  beautiful  orange. 

1  Zimmermann,  Bcr.  13(  1960.  2  "Wald,  Ber.  10,  137. 
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Sodium,  quinolazodiphcnylsulphonate,  C6H3(OH)2.N2.C12H8. 
S03Na,  is  readily  soluble  in  water,  and  dyes  silk  and  unbleached 
jute  amber-yellow. 

Sodium  a-naphiholazodiphenylsulphonate,  C10H8(OH)N2.C12H3 
S03Na,  is  a  fairly  soluble  brownish-black  precipitate,  which 
dyes  the  above  fabrics  deep  reddish-brown.  The  corresponding 
/S-compound  is  a  pale  red  precipitate,  easily  soluble  in  hot 
water,  and  dyes  a  beautiful  red.1 

1  C.-irnelley  and  Schleselman,  Joum.  Chcm.  Soc.  1886,  I-  380. 
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METHYLDIPHENYL   GEOUP. 

2736  o-Phenyltolyl  or  2-Methyldiphenyl,  C6H5.C6H4.CH3,  was 
prepared  by  Barbier,  by  acting  with  sodium  on  a  mixture  of 
bromobenzene  and  liquid  bromotoluene.  It  is  a  liquid  which 
boils  at  258 — 260°,  and  has  an  odour  resembling  that  of 
diphenyl.1 

m-Phcnyltclyl  or  3-Methyldiphenyl  is  formed  together  with 
other  hydrocarbons  by  the  action  of  methyl  chloride  on  a  mix- 
ture of  diphenyl  and  aluminium  chloride,  and  is  a  strongly 
refractive  liquid,  which  boils  at  272 — 277°,  and  is  oxidized  by 
chromium  trioxide  to  m-phenylbenzoic  acid.2 

4 : 4'-J»Mm^o-3-mrf%^>Ac^/,C6H4(NH2).C6H3(NH2)CH3,  is 
prepared  on  the  large  scale  by  heating  o-toluidine  with  nitro- 
benzene and  powdered  caustic  soda  at  180°,  whereby  a  mixture 
of  methylazobenzene  and  methylazoxybenzene  is  obtained, 
which  on  reduction  with  zinc  dust  and  caustic  soda  yields 
the  hydrazo-compound.  The  latter  is  converted  by  the  action 
of  hydrochloric  acid  into  the  isomeric  4  : 4'-diamido-3-methyldi- 
phenyl,  which  separates  on  addition  of  caustic  soda  as  a  thick 
syrup,  and  gradiially  solidifies  to  a  glassy  mass.3 

4  :  4<'-Diamido-3'-hydrory-3-methyldiphenyl,  C6H3(NH2)(OH) 
C6H3(NH2)CH3,  is  prepared  by  heating  o-toluene-azophenyl- 
sulphonic  acid  with  water,  and  crystallizes  in  nacreous  plates 
which  melt  at  177°,  and  are  readily  soluble  in  alkalis.  Its 
sulphate  forms  crystals  sparingly  soluble  in  water. 

4  :  X-Diamidodhoxyphenyltolyl,  C12H5(CH3)(NH2)2OC„H5,  is 
prepared  in  a  similar  manner,  and  crystallizes  in  flat  needles 
which  melt  at  ll7-5°,  and  are  converted  by  heating  with  hydro- 
chloric acid  into  the  foregoing  compound,  which  has  the 
constitutional  formula : 4 

1  Ber.  7,  1548. 

-  Adam,  Bull.  Soc.  Chim.  49,  57  ;  Ann.  Chim.  Phys.  [6]  15,  239. 

3  Farbenfabr.  vorm.  Bayer  and  Co.  ;  diem.  Zeit.  14   1144. 

4  Weinberg,  Ber.  20,  3171. 
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p-Phenyltolyl  or  4<-3fethyldiphenyl  was  prepared  by  Carnelley 
by  the  action  of  sodium  on  a  mixture  of  bromobenzene  and 
pure  ^-bromotoluene,  benzene,  toluene,  diphenyl,  ditolyl,  and 
other  products  of  high  boiling-point  being  also  formed.1  A 
larger  yield  is  obtained  by  passing  a  mixture  of  benzene  and 
toluene  vapours  through  an  iron  tube  filled  with  pumice  stone 
and  heated  to  dull  redness ;  a  series  of  other  hydrocarbons, 
including  naphthalene,  diphenyl,  o-p-ditoljl,  phenanthrene,  an- 
thracene, diphenylbenzene,  &c,  is  also  formed.2 

The  fractionation  of  the  product,  weighing  1453  grms., 
yielded  231  grms.  of  p-phenyltolyl.  This  substance  is  a  strongly 
refractive,  pleasantly-smelling  liquid,  boils  at  263 — 267°,  and 
solidifies  at  a  low  temperature  to  crystals  which  melt  between 
2  and  3°.  It  is  oxidized  by  dilute  nitric  acid  to  ^-phenyl- 
benzoic  acid  and  by  chromic  acid  to  terephthalic  acid. 

p-Phcnylbrcmwtolyl,  C6H6.C6H3Br.CH3,  is  obtained,  together 
with  the  substance  next  to  be  described,  when  the  calculated 
quantity  of  bromine  is  gradually  added  to  a  solution  of  the 
hydrocarbon  in  carbon  disulphide.  The  solvent  is  then  distilled 
off  and  the  residue  heated  with  caustic  soda  solution,  washed 
with  water  and  extracted  with  boiling  alcohol.  The  crude  pro- 
duct crystallizes  out  on  cooling  and  is  purified  by  recrystalliza- 
tion.  It  forms  nacreous  tablets,  melts  at  127 — 129°,  and  is 
scarcely  soluble  in  cold,  slightly  in  boiling  alcohol,  and  readily 
in  benzene.  An  acetic  acid  solution  of  chromic  acid  converts  it 
into  bromoterephthalic  acid,  no  other  product  being  formed,  so 
that  its  constitution  must  be  represented  by  one  or  other  of  the 
following  formulae : s 


Br 


)CH3 


p-Bromo-p-phenyltolyl,  C6H4Br.C6H4.CH3,  separates  out  as  a 
yellow  oil  when  the  mother  liquor  of  the  preceding  compound 
is    evaporated,  and  after  being  freed  from  alcohol  and  water, 

1  Journ.  Chem.  Soc.  1876,  1,  13.  2  Janrn.  Chem.  Soc.  1880,  1,  701. 

3  Carnelley  and  Thomson,  Journ,  Chem.  Soc.  1885,  1,  588  ;  1887,  1,  87. 
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solidifies  on  cooling  to  a  yellow  crystalline  mass,  melting  at 
27 — 30°.  On  oxidation  it  first  yields  p-bromophenylbenzoic 
acid  and  then  jj-bromobenzoic  acid,  and  is  therefore  a  dipara- 
compound. 

a-Dibromo-p-phcnyltolyl,  C6H4Br.C6H3Br.CH3,  is  formed,  to- 
gether with  the  /3-compound,  when  two  molecules  of  bromine 
are  employed,  the  liquid  being  cooled  at  first,  but  afterwards 
heated  gently  for  some  time.  After  the  evaporation  of  the 
carbon  disulphide,  the  residue  is  repeatedly  extracted  with  boil- 
ing alcohol,  the  small  amount  of  the  a-compound  which  is 
present  being  thus  dissolved.  It  crystallizes  in  frond-shaped 
tablets,  and  on  oxidation  passes  first  into  a-bromophenylbromo- 
benzoic  acid  and  then  into  p-bromobenzoic  acid. 

ft-Dibromo-p-phenyltolyl,  C6H4Br.C6H3Br.CrI3,  is  scarcely 
soluble  in  alcohol,  but  readily  in  benzene,  and  crystallizes  from 
ether  in  needles,  melting  at  148 — 150°.  It  is  converted  by 
oxidation  into  /3-bromophenylbromobenzoic  acid  and  j>-bromo- 
benzoic  acid. 

Each  of  these  compounds  therefore  contains  one  bromine 
atom  in  the  para-position ;  the  second  atom  of  bromine  is  present 
in  one  compound  in  the  position  CH3 :  Br  =  1:2,  and  in  the 
other  1 : 3. 

Nitro-p-phenyltolyl,  C12H8(N02)CH3,  is  formed  when  one  part 
of  nitric  acid  of  sp.  gr.  1'45  is  added  to  a  solution  of  one  part  of 
the  hydrocarbon  in  three  parts  of  glacial  acetic  acid,  and  crys- 
tallizes from  hot  alcohol  in  hard  lustrous  needles,  melting  at 
141°.  An  oily  mononitro-compound  is  also  formed  in  the  re- 
action, but  has  not  been  obtained  pure. 

Dinitro-p-phenyltolyl,  C12H7(N02),CH3,  is  prepared  by  the 
action  of  a  mixture  of  six  parts  of  nitric  acid  and  one  part  of 
sulphuric  acid,  on  three  parts  of  the  hydrocarbon.  It  crys- 
tallizes from  alcohol  in  slender  white  needles,  and  melts  at 
153—157°. 

Amido-p-phenyltolyl,  C12H8(NH2)CH3,  is  obtained  by  the  re- 
duction of  the  mononitro-compound  with  tin  and  hydrochloric 
acid,  and  crystallizes  in  fascicular  groups  of  needles,  melting 
at  93 — 97°.     The   hydrochloride  forms  small   silky  needles  or 

tablets.1 

1  Carnelley,  Journ.  Ctum.  Soc.  1876,  1(  20. 
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Phenylbenzyl  Compounds. 

2737  Phenylbenzyl  alcohol,  C6H5.C6H4.CH2.OH,  was  prepared 
by  Adam  by  heating  m-phenyltolyl  to  150°  with  bromine,  boil- 
ing the  product  with  alcoholic  potash  and  finally  treating  the 
ethyl  ether  thus  obtained  with  hydriodic  acid  in  the  cold  : 

C12H9.CH2.OC2H5  +  HI  =  C12H9.CH2.OH  +  C2H5I. 

It  is  a  thick  liquid,  without  taste  or  odour,  is  not  volatile 
with  steam  and  is  insoluble  in  water,  but  soluble  in  alcohol, 
ether,  &c. 

Phenylbenzyl  methyl  ether,  C12H9.CH2OCH3,  was  prepared  in 
a  similar  manner  to  the  ethyl  ether ;  it  is  a  syrupy  liquid, 
has  a  characteristic  not  unpleasant  odour,  and  is  volatile  with 
steam. 

Phenylbenzyl  ethyl  ether,  C12H9.CH2.OC2H5,  is  a  similar 
substance.1 


The  Phenylbenzoic  Acids,  C6H6.C6H4.C02H. 

2738  0- Phenylbenzoic  acid  was  first  obtained  by  Fittig  and 
Ostermayer,  by  fusing  diphenyleneketone  with  caustic  potash  : 2 

C6H4X  C6H5 

I         >CO  +  HOK  =    I 

C6H/  C6H4.CO.OK 

It  is  also  formed,  together  with  carbonyldiphenyl  oxide,  CO 
(C6H4)20,  and  other  products,  by  the  distillation  of  sodium 
salicylate  with  phenyl  phosphate,  and  has  been  synthetically 
prepared  from  o-amidodiphenyl  by  diazotizing,  converting  the 
diazo-chloride  into  phenylbenzonitrile  by  a  solution  of  cuprous 
potassium  cyanide  and  heating  this  with  alcoholic  potash.3  It 
is  insoluble  in  cold,  only  very  sparingly  soluble  in  boiling  water, 
and  crystallizes  from  boiling  alcohol  in  small  transparent  needles, 
or  from  a  more  dilute  solution  in  well-developed,  lustrous,  four- 

1  Bull.  Soc.  Chim.  49,  97  ;  Ann.  Chim.  Phys.  VI.  15,  242. 
3  Annalen,  166,  374  ;  Schmitz,  Annalen,  193,  120. 
3  Kaiser,  Annalen,  257,  99- 
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sided  flat  prisms  with  oblique  terminations,  the  crystals  being 
often  an  inch  in  length.  It  melts  at  110 — 111°,  and  solidifies 
to  a  crystalline  mass  when  slowly  cooled;  on  rapid  cooling, 
however,  a  transparent,  viscid,  glutinous  mass  is  obtained, 
which  becomes  crystalline  if  it  be  stirred  with  a  platinum 
wire.  When  it  is  heated  with  slaked  lime,  diphenyleneketone 
is  again  formed,  together  with  a  little  diphenyl,  the  yield  of 
which  is  larger  when  the  calcium  salt  is  heated  by  itself  or  the 
acid  fused  with  potash,  its  production  being  accompanied  by 
carbonization  of  the  mass.  Dilute  nitric  acid  does  not  attack 
it  even  on  boiling,  whilst  on  heating  with  potassium  dichromate 
and  dilute  sulphuric  acid  it  is,  like  other  ortho-compounds, 
completely  destroyed. 

Potassium  o-phenylbenzoate,  C13Hg02K  +  H20,  crystallizes  in 
small,  transparent  prisms,  and  is  readily  soluble  in  water,  but 
scarcely  in  concentrated  caustic  potash  solution. 

Calcium  o-phenylbenzoate,  (C13H902)2Ca+2H20,  is  sparingly 
soluble  in  water,  and  forms  small  crystals,  which  redissolve  very 
slowly  even  in  a  large  quantity  of  boiling  water,  but  do  not 
then  separate  out  again  until  the  solution  has  been  sufficiently 
concentrated. 

Barium  o-phenylbenzoate,  (C13rI]0O2)2Ba  +  H2O,  separates  on 
the  evaporation  of  a  dilute  solution  in  fascicular  groups  of 
crystals.  When  the  mother  liquor  is  cooled,  no  more  of  the 
salt  separates  out,  and  if  it  then  be  allowed  to  evaporate  over 
sulphuric  acid,  crystallization  does  not  occur  until  it  is  very 
concentrated;  the  amount  of  salt  which  separates  out  is  in- 
creased by  raising  the  temperature,  but  it  does  not  appear  to 
redissolve  on  cooling. 

Silver  o-phenylbenzoate,  C13H902Ag,  is  a  flocculent  precipitate, 
which  crystallizes  from  hot  water  in  transparent  needles. 

Ethyl-o-phenylbenzoate,  C13H902.C2H5,  is  prepared  by  passing 
hydrogen  chloride  into  the  alcoholic  solution  of  the  acid ;  it  is  a 
thick  colourless  liquid,  boils  at  300 — 305°  and  does  not  solidify 
at  -  20°. 

Nitro-o-phenylbenzoic  acid,  C12H8(N02)C02H,  is  readily  formed 
when  o-phenylbenzoic  acid  is  brought  into  fuming  nitric  acid ; 
it  crystallizes  from  alcohol  in  transparent  monosymmetric 
tablets,  and  melts  at  221 — 222°.  The  calcium  salt  is  readily 
soluble  in  water,  and  separates  out  in  anhydrous  nodules  on  the 
spontaneous  evaporation  of  its  solution,  this  property  being 
shared  by  the  barium  salt. 
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p-Dihydroxy-o-phenylbenzoic  acid,  C6rI4(OH)C6H3(OH)C02H, 
is  obtained  when  diphenyleneketonedisulphonic  acid  is  fused 
with  caustic  potash : 

C6H3— S03K  C6H4.OH 

I      >CO     +  2HOK  +  H20  =  I  +  2SO,K2. 

C6H3— S03K  C6H8(OH)CO.OH 

It  forms  crystals  melting  at  270°,  is  sparingly  soluble  in  water, 
readily  in  alcohol,  and  decomposes  on  heating  with  lime  into 
carbon  dioxide  and  7-diphenol.1 

m-Phenylbcnzoic  acid  is  formed,  together  with  salicylic  acid, 
^-hydroxybenzoic  acid,  a-hydroxyisophthalic  acid,  p-phenyl- 
benzoic  acid,  and  other  amorphous  yellow  and  brown  products, 
when  one  part  of  benzoic  acid  is  fused  with  six  parts  of  caustic 
potash.  It  can  also  be  obtained  by  the  oxidation  of  m-phenyl- 
tolyl  and  also  by  brominating  this  substance  and  boiling  the 
product  with  a  solution  of  copper  nitrate  (Adam).  It  is  only 
sparingly  soluble  in  water,  crystallizes  from  alcohol  in  dazzling 
white  plates,  melts  at  160 — 161°,  and  decomposes  into  carbon 
dioxide  and  diphenyl  when  heated  with  slaked  lime.  Potassium 
dichromate  and  dilute  sulphuric  acid  oxidize  it  to  isophthalic 
acid. 

Calcium  m-phenylbenzoate,  (C13H902)2Ca+3H20,  separates  out 
in  crusts  when  its  solution  is  evaporated,  and  becomes  anhydrous 
at  200°. 

Barium  m-phenylbenzoate,  2(C13H902)2Ba  +  7H20,  is  readily 
soluble  in  water,  and  crystallizes  in  fascicular  groups  of  needles, 
which  lose  their  water  of  crystallization  at  180°. 

The  silver  salt  is  a  white,  flocculent  precipitate,  which  is  not 
much  acted  on  by  light. 

Ethyl  m-phenylbenzoate,  C13H902C2H5,  is  a  thick  oily  liquid, 
which  distils  without  decomposition  at  a  high  temperature.2 

p-Phenylbenzoic  acid  was  obtained  by  Schultz  by  the  oxidation 
of  j>-diphenylbenzene,  (C6H5)2C6H4,  with  an  acetic  acid  solution 
of  chromium  trioxide.3  It  has  been  prepared  synthetically  by 
Doebner  from  the  nitrile,  which  is  formed  by  the  distillation 
of  potassium  diphenylsulphonate  with  potassium  cyanide,  and 
on  boiling  with  alcoholic  potash  is  converted  into  the  acid.4 

1  Schultz,  Annalen,  207,  344. 

2  Barth  and  Schreder,  Monats.  3,  8C8. 

3  Ber.  6,  415  ;  Annalen,  174,  213. 
*  Annalen,  YJ2,  HI. 
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The  latter  is  also  formed,  as  already  mentioned,  by  fusing  ben- 
zoic acid  with  caustic  potash,  and  by  the  oxidation  of  phenyl - 
tolyl. 

It  is  scarcely  soluble  in  cold,  only  sparingly  in  boiling  water, 
readily  in  alcohol  and  ether,  crystallizes  from  hot  dilute  alcohol 
in  fascicular  groups  of  long  needles,  melts  at  218 — 219°,  and 
readily  sublimes  in  long,  lustrous  needles.  On  heating  with 
an  excess  of  lime  it  decomposes  quantitatively  into  carbon 
dioxide  and  diphenyl,  whilst  chromium  trioxide  in  acetic  acid 
solution  oxidizes  it  to  terephthalic  acid. 

Calcium  p-phcnylbcnzoate,  (C13Hg02)2Ca,  is  obtained  as  a 
granular  precipitate  when  calcium  chloride  is  added  to  a  solu- 
tion of  the  ammonium  salt.  It  is  scarcely  soluble  in  cold, 
sparingly  in  boiling  water,  and  crystallizes  on  cooling  in  small 
plates. 

Barium  p-phenylbenzoate  (C13H902)2Ba,  closely  resembles 
the  calcium  salt,  and  crystallizes  from  a  hot  saturated  solution 
in  thin  lustrous  plates. 

The  remaining  salts,  including  even  the  ammonium  salt, 
are  either  sparingly  soluble  or  insoluble. 

Ethyl  p-phenylbenzoate,  C12Hg.CO.OC2H5,  crystallizes  from 
alcohol  in  hard  colourless  prisms,  and  melts  at  46°. 

p-Phcnylbenzonitrile,  C6H6.C6H4.CN,  has  in  addition  to  the 
method  described  above,  been  prepared  by  Kaiser  from  p-amido- 
diphenyl  in  a  similar  manner  to  the  ortho-compound.  It 
separates  from  alcohol  in  hard  compact  crystals,  melts  at  84 — 85°, 
and  distils  without  decomposition  at  a  high  temperature. 

The  following  compounds,  formed  as  already  mentioned  by 
the  oxidation  of  the  bromophenyltolyls,  have  only  been  slightly 
investigated : 

Melting-point. 

2>-Bromophenylbenzoic  acid,  C6H4Br.C6H4.C02H  193 — 194° 

a-ji-Bromophenylbromobenzoic  acid, 

C6H4Br.C6H3Br.C02H,  small    needle-shaped 

prisms 202 — 204° 

/3-p-Bromophenylbromobenzoic    acid,     sublimes 

easily 231—282° 

p-o-Dinitro-p-phcnylbenzoic  acid,  CeH4(N02)C6H3(N02)C02H, 
is  formed  when  j/3-phenylbenzoic  acid  is  heated  with  ten  parts 
of  fuming  nitric  acid,  and  crystallizes  from  hot  alcohol  in  small 
needles,  melting  at  252°.  Its  methyl  ester  forms  long  flat 
needles,  and  melts  at  156°. 
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"When  the  acid  is  reduced  with  stannous  chloride  and  hydro- 
chloric acid,  and  the  hydrochloride  of  diamido-p-phenylbenzoic 
acid  thus  obtained  distilled  with  lime,  diphenyline  is  formed.1 

fi-Hydrocarbazolecarhoxylic  acid,  C13H13N02,  is  obtained  in  a 
similar  manner  to  /S-hydrocarbazole  (p.  420)  by  heating  the 
hydrazone  of  ketohydrobenzoic  acid  with  a  mineral  acid  : 

/C02H 
C6H9.  /C02H 

^N  CaH/ 


=     T  >H        +NH- 


/ 


JSTH  C6H4 

It  dissolves  in  the  alkali  carbonates,  and  is  re-precipitated  by 
acids.  On  heating  it  melts  at  230°,  and  decomposes  at  a  some- 
what higher  temperature,  products  of  a  fsecal  odour  being 
formed,  which  redden  a  pine  splinter  moistened  with  hydrochloric 
acid.2 

1  Strasser  and  Sohultz,  Annalen,  210,  191. 

2  Baeyer  and  Tutein,  Ber.  22,  2184. 
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DIMETHYLDIPHENYL  GEOUP. 

2739  Twelve  dimethyldiphenyls  are  theoretically  possible,  six 
of  the  formula  C6H5.C6H3(CH3)2,  and  six  ditolyls,  CH3.C6H4.C6H4. 
CH3.  Only  the  latter  have  hitherto  been  prepared,  their  con- 
stitutions being  as  follows  : 


II 

r 


4' 


2:2'  =  diortho, 

3:3'  =  dimeta, 

4:4'  =  dipara, 

2:3'  =  orthometa, 

2:4'  =  orthopara, 

3:4'  =  metapara. 


The   Ditolyls. 

o-Ditolyl  is  formed  by  the  action  of  sodium  on  0-bromotoluene,1 
and  is  a  strongly  refractive  liquid,  which  has  a  characteristic 
odour,  somewhat  resembling  that  of  poplar  buds,  boils  at  272°, 
and  has  a  sp.  gr.  of  0-9945  at  16-5°.  A  crystalline  hydro- 
carbon which  was  obtained  by  Fittig  as  a  by-product  and  was 
considered  by  him  to  be  dibenzyl,  was  probably  p-ditolyl,  since 
the  liquid  bromotoluene  employed  for  the  reaction  certainly 
contained  jj-bromotoluene. 

m-Bitolyl  is  prepared  by  acting  upon  an  alcoholic  solution  of 
diamido-m-ditolyl  with  nitrogen  trioxide,2  and  also  occurs  amono- 

1  Fittig,  Annalen,  139,  178  ;  Lugmin,  Ber.  4   514. 
5  Schultz,  Ber.  17,  467 ;  Stolle,  Ber,  21,  1096.' 
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the  products  which  are  obtained  by  the  action  of  methyl  chloride 
on  diphenyl  in  the  presence  of  aluminium  chloride.1  It  is 
an  oily  liquid,  boils  at  289°,  and  has  a  sp.  gr.  of  09993  at  16°. 
On  oxidation  it  yields  diphenyl-m-dicarboxylic  acid  and 
isophthalic  acid. 

fiichloro-m-ditolyl,  C6H3C1(CH3)C6H3C1(CH3),  is  formed  when 
a  solution  of  diamido-m-ditolyl  in  hydrochloric  acid  is  diazotized 
and  then  treated  with  a  hydrochloric  acid  solution  of  cuprous 
chloride;  the  intermediate  compound,  C12H6(CH3)2(N2C1)2 + 
Ci^CL^,  is  first  formed  as  a  dark -yellow  or  brown  powder  (p.  248) 
which  readily  decomposes.  Dichloro-m-ditolyl  crystallizes  from 
alcohol  in  white  plates  with  a  fatty  lustre,  melts  at  51°,  and  is 
oxidized  to  chloro-m-toluic  acid  by  chromic  acid.  On  heating  to 
220 — 240°  with  an  acetic  acid  solution  of  hydriodic  acid  and 
phosphorus,  it  is  converted  into  m-ditolyl. 

Tetrachloro-m-ditolyl,  CUH10C14,  is  obtained  when  the  sub- 
stance just  described  is  heated  to  200°  with  phosphorus  penta- 
chloride.  It  is  an  oily  liquid,  but  solidifies  in  a  freezing  mixture. 
On  treatment  with  dilute  nitric  acid  it  yields  dichlorodiphenyl- 
m-dicarboxylic  acid  and  must  therefore  have  the  following 
constitution : 

CH2C1  CH„C1 

\_  / 

Dibromo-m-ditolyl,  C14H12Br2,  has  been  prepared,  as  also  the 
following  compound,  from  diamido-m-ditolyl  by  the  diazo- 
reaction ;  it  crystallizes  in  yellow  needles  or  plates,  melting  at 
58—59°. 

Di-iodo-m-ditolyl,  CUH12I2,  crystallizes  in  yellow  needles, 
melting  at  99— 100°.2 

p-Ditolyl  is  formed  by  the  action  of  sodium  on  p-bromotoluene 
dissolved  in  ether  or  light  petroleum.3  It  crystallizes  from  hot 
alcohol  in  aggregates  of  small  white  plates,  or  when  its  ethereal 
solution  is  slowly  evaporated  in  splendid  monosymmetric  prisms; 
with  a  vitreous  lustre,  melts  at  121°,  and  boils  at  283 — 288° 
without  decomposition.  Chromium  trioxide  acts  upon  it  in 
acetic  acid  solution,  with  formation  of  tolylphenylcarboxylic  acid, 

1  Adam,  Bull.  Soc.  Chim.  49,  97  5  4nn.  Ohim.  FllVs-  VI-  15,  247. 

2  Stolle,  Ber.  21,  1096. 

3  Zincke,  Ber.  4,  369  ;  Luginin,  Ber.  4,  514. 
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CH,.C6H4.C6H4.C02H,  melting  at  245°,  which  is  then  converted 
by  further  oxidation  into  diphenyl-£>-dicarboxylic  acid.1 

o-p-Ditolyl  was  found  by  Carnelley  among  the  products  obtained 
by  the  action  of  sodium  on  a  mixture  of  bromobenzene  and  p- 
bromotoluene,  and  by  passing  the  vapours  of  benzene  and 
toluene  through  a  red-hot  tube  (p.  431).  The  same  hydro- 
carbon is  without  doubt  a  constituent  of  the  liquid  ditolyl  which 
was  obtained  by  Zincke  and  Luginin  in  the  preparation  of  the 
para-compound,  and  which  was  probably  a  mixture  of  o-p-  and 
£>-ditolyl.  The  production  of  the  former  of  these  compounds  is 
explained  by  the  fact  that  the  p-bromotoluene  employed  con- 
tained a  little  of  the  ortho-derivative.  o-jp-Ditolyl  has  not  yet 
been  obtained  pure,  since  even  after  repeated  fractionation  it 
boils  between  272 — 280°.  On  oxidation  it  yields  a  tolylphenylcar- 
boxylic  acid,  melting  at  180°,  and  terephthalic  acid  (Carnelley). 
Bromine  converts  it  into  the  following  substitution-products,  by 
means  of  which  its  constitution  has  been  determined. 

a-Brom-o-p-ditolyl,Gli1S.7BT(CHs)2,  crystallizes  from  hot  alcohol 
in  slender,  matted,  microscopic  needles,  and  melts  at  95°.  On 
oxidation  it  yields  bromoterepthalic  acid. 

@-Brom-o-p-ditolyl  is  an  oily  liquid  and  is  converted  by 
chromium  trioxide  in  acetic  acid  solution  into  a  bromodiphenyl- 
carboxylic  acid,  which,  on  further  action,  passes  into  a-bromo- 
phthalic  acid. 

Dibrom-o-p-ditolyl,  C1.2H6Br2(CH3)2,  crystallizes  from  alcohol 
in  long,  very  lustrous,  hair-like  needles,  and  melts  at  156D.2 

o-m-Ditolyl  was  obtained  by  Schultz  by  mixing  orthometa- 
tolidine,  (p.  446)  with  a  solution  of  nitrogen  trioxide  in  alcohol. 
It  is  an  oily  liquid  with  a  pleasant  odour  and  boils  at  280°. 
Chromic  acid  oxidizes  it  to  isophthalic  acid.3 

m-p-Ditolyl  was  prepared  by  the  same  chemist  in  a  similar 
manner  from  the  tolidine  obtained  from  ^-azotoluene.  It  crys- 
tallizes in  slender  needles  or  plates,  melts  at  91°,  and  is  volatile 
with  steam.  On  oxidation  it  yields  an  acid  which  melts  at  273°, 
and  is  insoluble  in  water.  Its  constitution  follows  from  the 
fact  that  those  of  all  the  other  isomerides  are  known. 

1  Doebner,  Bcr.  9,  271  ;  Carnelley,  Journ.  Chem.  Son.  1877,  2   653. 

2  Carnelley  and  Thomson,  Journ.  Chem.  Soc.  1885,  1   590. 

3  Ber.  17,  471  ;  Schultz,  Steinkohlenthecr,  1,  195. 
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THE  HYDROXYDITOLYLS 

2740  Dihydroxy-m-ditolyl,  or  o-Dicresol,  C14H12(OH)2,  is  formed 
when  a  solution  of  tetrazo-m-ditolyl  chloride  is  boiled,  and 
separates  on  cooling  in  large,  broad  needles,  melting  at  157".1 
On  beating  with  zinc  dust  it  is  reduced  to  m-ditolyl.2 

Diethoxy-m-ditolyl,  C14H12(OC2H5)2,  is  obtained  as  a  by-pro- 
duct in  the  preparation  of  the  hydrocarbon,  and  crystallizes  from 
hot  alcohol  in  white,  glistening  plates,  melting  at  156°  (Schultz). 
Hobbs  prepared  it  and  several  other  ethers  from  the  potassium 
compound  of  dicresol  and  the  corresponding  alcoholic  iodide. 

Diacetoxy-m-ditolyl,  C14H12(O.CO.CH3)2,  is  formed  when  the 
potassium  compound  of  dicresol  is  heated  with  acetic  anhydride  ; 
it  forms  long  needles  and  melts  at  131°  (Hobbs). 

Dinitrodihydroxy-m-ditolyl,  C14H10(NO2)2(OH)2,  is  obtained 
by  boiling  the  tetrazochloride  with  ordinary  nitric  acid  (Gerber), 
and  by  heating  dicresoldicarboxylic  acid  with  nitric  acid.3  It 
crystallizes  from  glacial  acetic  acid  in  golden-yellow  needles,  melts 
at  272 — 273°,  is  insoluble  both  in  water  and  alcohol,  and  gives  a 
blue  colouration  with  ferric  chloride.  The  potassium  and  sodium 
salts  form  reddish-violet  stellate  groups  of  crystals,  whilst  the 
ammonmm  salt  is  orange-red ;  they  form  orange-red  solutions 
in  water. 

Tetrahydroxyditolyl,  C14H10(OH)4.  When  toluquinol  is  oxi- 
dized in  a  well-cooled  acetic  acid  solution  by  means  of  man- 
ganese dioxide  and  sulphuric  acid,  dihydroxyditolylquinone  is 
formed,  the  reaction  being  similar  to  that  by  which  cedriret  is 
obtained  from  dimethylpyrogallol  (p.  392)  : 


'CH3  /CHg 

(  ,H,^OH  C«H2^-OH 


J6XJ-3 


\<DH 
/OH 


+  20  = 


s    f 


+  2H„0. 


C6H'  OH  C6H2^OH 

\CH,  \CH, 


^3 


This  substance  separates  from  alcohol  in  small  black  crystals 
with  a  green  metallic  lustre,  and  is  readily  reduced  by  zinc  and 

'  Gerber,  Bcr.  21,  749  ;  Hobbs,  Ber.  21,  1065.  •   2  Bar.  21,  1096. 

3  Denninger,  Ber.  21,  1641. 
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acetic  acid  to  tetrahydroxyditolyl.  The  latter  crystallizes  from 
alcohol  in  transparent  wine-yellow,  four-sided  prisms,  and  is 
readily  soluble  in  hot  water.  The  warm  solution  assumes  a 
reddish  colour  in  the  air,  and  on  cooling  deposits  the  quinhydrone 
in  blue  flakes. 

Tetrahydroxyditolyl  becomes  brown  and  melts  at  202°;  its 
alkaline  solution  changes  colour  in  the  air,  becoming  yellowish- 
green,  yellowish-brown,  cherry-red,  and  finally  black-brown.1 

Dimethyltdrahydroxyditolyl,  C14H10(OH)2(OCH3)2,  is  obtained 
by  heating  dimethoxyditolylquinone,  CuH10O2(OCH3)2,  which  is 
described  below,  with  ammonium  sulphide,  and  crystallizes  from 
benzene  in  slender  colourless  needles ;  it  melts  at  173°  and 
readily  becomes  reoxidized  to  the  quinone.2 

Tetramethoxyditolyl,  CuH,g(OCH3)4,  is  formed  when  tetra- 
hydroxyditolyl is  heated  with  methyl  iodide  and  a  solution  of 
sodium  in  methyl  alcohol  at  1 1 5 — 125°.  A  partially  methylated 
compound  is  also  formed,  which  contains  the  dimethyl  ether. 

It  crystallizes  from  alcohol  in  colourless  prisms  or  tablets, 
melts  at  129°,  and  sublimes  when  carefully  heated. 

Tctracetoxyditolyl,  CUH10(O.CO.CHS)4,  is  prepared  by  heating 
tetrahydroxyditolyl  with  sodium  acetate  and  acetic  anhydride 
to  155 — 165°,  and  crystallizes  from  alcohol  in  matted  needles, 
melting  at  135°. 

Lihydroxyditolylene  oxide,  C14H10O(OH)2,  is  obtained  by  heat- 
ing the  dimethyl  ether  with  concentrated  hydrochloric  acid  to 
180—190°. 

/CH3 
C6H2f-OCH3  /CH3 

2\OH  3  OJS/OH 


,-OH 


+  2HC1  =  \0  +  2CH3C1  +  H20. 

<\H/  OCH3  C«H*\g£ 

\CH3  3 

It  crystallizes  from  benzene  in  long,  flat  needles,  which 
rapidly  effloresce  in  the  air  with  loss  of  benzene  of  crystallization, 
and  from  dilute  alcohol  in  lustrous  plates,  containing  one 
molecule  of  water,  which  is  completely  lost  at  120°.  It  melts 
at  232°,  but  sublimes  at  a  lower  temperature  in  lustrous  plates. 
On  heating  with  zinc  dust  it  yields  a  small  amount  of  a 
semi-liquid  hydrocarbon  possessing  a  pleasant  smell  of  lemons. 
Dimethoxijditolylquinone,  CuH10(OCH3)2O2,  is  obtained, 
1  Brwiner,  Monatsh.  10,  174.  2  Nietzki,  Annalcn,  215,  160. 
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together  with  formaldehyde,  when  dimethyltoluquinol  is 
oxidized  in  acetic  acid  solution  with  potassium  dichromate  and 
sulphuric  acid : 


C6H3f  OCH3  C6H2f  OCH3 

\o 


\0CH3 


/OCH, 


+  40  = 


.0 


+  2CIL0  +  2H20. 


C6H3^OCH3  C6H2^OCH3 

\CH3  \CH3 

It  is  moreover  formed  when  an  alcoholic  solution  of  the  by- 
product obtained  in  the  preparation  of  the  tetramethyl  ether,  as 
described  above,  is  heated  with  ferric  chloride,  and  then  separates 
out  in  brownish-red  needles.  It  is  soluble  in  alcohol,  ether, 
and  glacial  acetic  acid  with  a  yellowish-red  colour,  and  crys- 
tallizes from  a  dilute  solution  in  brick-red  needles,  but  from  a 
stronger  as  a  mass  of  hair-like  needles,  which  appear  almost 
black  by  reflected  light,  take  a  violet-grey  colour  and  a  silky 
lustre  on  drying,  and  melt  at  153°. 

Diethoxyditolylquinone,  C14H10(OC2H6)2O2,  is  prepared  from 
diethyltoluquinol  in  a  similar  manner  to  the  methyl  compound. 
It  forms  very  slender  needles,  of  a  greenish-black  colour,  and 
melts  at  139°. 

Diethyltetrahydroxyditolyl,  C14H10(OC2HS)2(OH)2,  is  obtained 
by  reducing  the  preceding  compound.  It  forms  slender  white 
needles,  and  readily  oxidizes  in  solution.  It  is  only  slightly 
soluble  in  water,  readily  in  alcohol,  and  sublimes  with  partial 
decomposition.1 

Ditolyldiquinonc,  CuH10O4,  is  obtained  by  treating  an  alcoholic 
solution  of  tetrahydroxyditolyl  with  a  concentrated  solution  of 
ferric  chloride.  It  crystallizes  from  alcohol  in  lustrous  tablets 
or  prisms,  which  are  coloured  light-yellow  to  orange-yellow, 
according  to  their  thickness,  and  sublimes  with  partial  de- 
composition on  heating. 

Ditolylquinhydrone,  CuH1404  +  C14H10O4,  is  formed  by  the 
partial  oxidation  of  tetrahydroxyditolyl,  and  when  an  alcoholic 
solution  of  this  substance  is  mixed  with  a  hot  concentrated 
solution  of  the  quinone.  It  crystallizes  in  bluish-violet,  oblong 
plates,  and  melts  at  217—220°. 

Which  of  the  three  ditolyls  first   described   is  the  parent 
hydrocarbon  of  the  preceding  compounds  is  not  yet  known. 
1  Noelting  and  Werner,  Bull,  Soc.  Chim.  1890,  804. 
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DIAMIDODITOLYLS  or  TOLIDINES,    |8    3     j™2. 

2741  Orthotolidine  or  p-Diamido-m-ditolyl  is  formed  by  the 
action  of  hydrochloric  acid  on  o-hydrazotoluene,1  and  when 
an  alcoholic  solution  of  o-azotoluene  is  heated  with  stannous 
chloride  and  hydrochloric  acid.2  It  crystallizes  in  nacreous 
plates,  melts  at  128°,  is  slightly  soluble  in  water,  readily  in  alcohol 
and  ether,  and  is  coloured  blue  by  chlorine  and  bromine  vapour. 

Its  sulphate  is  sparingly  soluble  in  water,  and  even  less  readily 
in  alcohol,  and  the  hydrochloride,  crystallizing  in  plates,  is  also 
only  slightly  soluble  in  water.  The  solutions  of  its  salts  are 
coloured  blue  by  ferric  chloride. 

The  m-ditolyl  obtained  from  this  compound  is  converted  by 
oxidation  into  isophthalic  acid,  from  which  it  follows  that  in  the 
conversion  of  o-hydrazotoluene  into  orthotolidine  the  amido- 
groups  take  the  para-positions,  as  in  benzidine.  This  is  also 
shown  by  the  fact  that  when  orthotolidine  is  converted  into 
tetrazoditolyl  perbromide  and  the  latter  boiled  with  alcohol,  a 
bromo-»i-ditolyl  is  formed,  in  addition  to  the  diethyl  ether 
described  above,  which  yields  bromo-m-toluic  acid,  melting  at 
205°,  on  oxidation  (Schultz). 

Orthotolidine  is  employed  in  the  manufacture  of  azo-colours 
and  prepared  on  the  large  scale  from  o-nitrotoluene  in  a  similar 
manner  to  benzidine  from  nitrobenzene. 

Diacetylorthotolidine,  CuH12(NH.CO.CH3)2,  is  obtained  by 
boiling  the  base  with  glacial  acetic  acid,  and  crystallizes  in 
white  lustrous  needles,  melting  at  314°.3 

Tetraeetylorthotolidine,  CuH12N2(CO.CH3)4,  is  formed  when 
the  preceding  compound  is  heated  with  acetic  anhydride  at 
160 — 170°,  and  crystallizes  from  alcohol  in  snow-white  lustrous 
needles,  melting  at  211°  (Gerber). 

m-Ditolyl  mustard  oil,  CUH12(NCS),  is  obtained  by  the  action 
of  carbon  disulphide  on  the  base  and  treatment  of  the  product 
with  sulphuric  acid.  It  crystallizes  from  benzene  in  splendid 
thick,  transparent  tablets,  and  melts  at  157°  (Hobbs). 

1  Petriew,  Ber.  6,  557. 

2  Schultz,  Ber.  17,  467  ;  StcinlcoMenthcer,  1,  369. 

3  Gerber,  Ber.  21.  746  ;  Hobbs,  Ber.  21,  1065. 
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Binitro-orthotolidine,  CMH10(NO2)2(NH2)2,  was  prepared  by 
Gerber  by  nitrating  the  diacetyl-compound  and  heating  the 
product  with  dilute  sulphuric  acid.  It  is  only  slightly  soluble 
in  alcohol,  from  which  it  crystallizes  in  flat,  garnet-red,  glistening 
tablets,  melts  at  266 — 267°,  and  deflagrates  at  a  few  degrees 
above  this  temperature. 

Orthotolidinesulphmic  acid,  C12H5(CH3)2(NH2)2S03H,  is  ob- 
tained in  a  similar  manner  to  benzidinesulphonic  acid,  and  is  only 
slightly  soluble  both  in  hot  and  cold  water ;  its  salts  crystallize 
badly. 

0rt1wtolidine-m-dis%dphonic  acid,  C12H4(CH3^2(NH2)2(S03H)2, 
is  also  prepared  in  a  similar  manner  to  the  corresponding 
benzidinedisulphonic  acid;  it  crystallizes  from  hot  water,  in 
which  it  is  readily  soluble,  in  delicate  white  needles,  and  forms 
crystalline  salts.  When  orthotolidine  is  heated  with  fuming 
sulphuric  acid,  the  sulphone,  C12H4(GH3)2(NH2)2S02,  is  formed 
as  a  greenish-yellow  amorphous  mass ;  its  salts  resemble  those 
of  benzidinesulphone.1 

Orthotolidine-o-disulphonic  acid,  2C12H4(CH3)2(NH2)2(S03H)2 
+  5H20,  is  formed  by  the  action  of  stannous  chloride  on  a  con- 
centrated solution  of  o-azotoluene-j3-disulphonic  acid,  and  forms 
a  crystalline  powder,  sparingly  soluble  in  water;  its  salts 
crystallize  well.  Neale  looks  upon  it  as  hydrazotoluene- 
sulphonic  acid ; 2  the  fact  that  it  forms  a  tetrazo-compound 
however,  shows  that  is  derived  from  orthotolidine.3 

Metatolidine  or  p-Diamido-o-ditolyl  was  obtained  by  Gold- 
schmidt  by  adding  dilute  sulphuric  acid  to  an  alcoholic  solution 
of  m-hydrazotoluene,  the  sulphate,  C12H6(CH3)2(NH3)2S04,  being 
deposited  in  small  plates  with  a  velvet  lustre.4  It  is  also 
formed  when  sulphuretted  hydrogen  is  passed  into  a  solution 
of  m-azotoluene  in  alcoholic  ammonia  and  hydrochloric  acid 
then  added.  On  evaporation  the  hydrochloride  separates  out  in 
splendid  lustrous  plates,  which  become  bluish  in  the  air.  The 
free  base  is  obtained  by  adding  ammonia  to  a  solution  of  this 
salt  as  a  brown  oily  liquid,  but  solidifies  after  a  few  days  to 
crystals  melting  at  108 — 109°.  The  aqueous  solutions  of  its  salts 
become  coloured  violet-red  on  heating  or  on  the  addition  of  ferric 
chloride.6 

1  Griess  and  Duisberg,  Ber.  22,  2473. 
3  Annalen,  203,  76. 

3  Friedlander,  Theerfarben,  502. 

4  Ber.  11,  1624. 

6  Buchka  and  Schachtebeck,  Ber.  22,  837. 
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"  » 

Diacetylmetatolidine,  C12H6(CH3).2(NHCO.CH3)2,  forms  light 
yellow  crystals,  and  melts  at  274 — 275°. 

Paratolidine  or  Diamido-m-p-ditolyl  -was  obtained  by  Melms  by 
passing  sulphur  dioxide  into  an  alcoholic  solution  of  j?-hydrazo- 
toluene,1  but  it  is  better  to  simply  add  dilute  sulphuric  acid  to 
the  solution  (Goldschmidt). 

It  is  also  formed  when  1 0  grams  of  p-azotoluene  are  brought 
into  100  grams  of  alcohol  and  100  cc.  of  a  solution  of  200 
grams  of  tin  in  a  litre  of  concentrated  hydrochloric  acid,  and  a 
few  drops  of  concentrated  sulphuric  acid  added.  After  8—14 
days  the  red  crystals  of  azotoluene  have  almost  completely  dis- 
appeared and  caustic  soda  solution  is  then  added,  the  liquid 
boiled  and  the  tin  oxide  filtered  off.  On  cooling  paratolidine 
separates  out  in  silvery  plates,2  melting  at  103°,  which  are 
soluble  in  hot  water  and  more  freely  in  alcohol  or  ether. 

Its  sulphate  crystallizes  in  needles,  the  hydrochloride  in 
tablets,  whilst  with  platinum  chloride  a  dark  red  precipitate  is 
produced ;  the  picratc  crystallizes  in  lustrous  reddish-yellow 
needles. 

Paratolidine  also  gives  a  blue  colour  with  ferric  chloride.  The 
position  of  the  amido-groups  is  not  known,  but  these  cannot,  as 
in  benzidine  and  orthotolidine  be  situated  in  the  para-position 
to  the  carbon  atoms  which  unite  the  two  benzene  residues. 
Moreover,  only  one  of  these  groups  can  be  in  the  para-position 
to  a  methyl  group,  because  if  both  occupied  this  position  the 
ditolyl  obtained  from  paratolidine  would  be  either  the  meta-  or 
ortho-compound. 

Orthometatolidine  or  p-Diamido-o-m-ditolyl  was  prepared  by 
Schultz  from  o-toluidine,  which  he  converted  into  amido-o-m- 
azotoluene,  and  then  by  the  action  of  an  alcoholic  solution  of 
nitrous  acid  into  o-m-azo-toluene,  which  was  finally  reduced  by 
stannous  chloride  in  alcoholic  solution.  The  free  base  could 
not  be  obtained  in  crystals ;  its  hydrochloride  is  readily  soluble 
in  water  and  crystallizes  in  silky  needles,  whilst  the  sparingly 
soluble  sulphate  forms  small  plates.  The  amido-groups  of  this 
tolidine  are  shown  to  be  probably  in  the  para-position,  because 
the  ditolyl  obtained  from  it  yields  isophthalic  acid  on  oxida- 
tion.3 

Several  substituted  benzidines  and  tolidines  have  been 
prepared  by  Noeltmg  and   Werner,4  by  the  action  of  hydro- 

1  JSer.  3,554.  *  Schultz,  Ber.  17,  472. 

3  Ber.  17,  469.  *  Bull.  Soc.  Chim.  1890,  798. 
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chloric   acid   on  the   corresponding   hydrazo-derivatives.     The 
most  important  of  these  are  : 

Melting-point. 
Methylethoxybenzidine 107° 

Dimethylethoxybenzidine 73° 


DIPHENYLDICARBOXYLIC  ACIDS,  C12H8(C02H)2. 

2742  o-Diphenyldicarboxylic  acid  was  first  obtained  by  Fittig 
and  Ostermayer,  who  termed  it  diphenic  acid  by  the  oxidation 
of  phenanthrenequinone  with  potassium  dichromate  and  dilute 
sulphuric  acid.  It  is  formed  according  to  the  following 
equation 


.1 


C6H4.CO  C6H4.C02H 

I         +H20  +  0=    |6  . 

H4.CO  C6H4.C09H 


A. 


It  may  also  be  obtained  by  boiling  phenanthrenequinone  for  a 
considerable  time  with  alcoholic  potash  : 2 

C8H4.CO  C6H,.CO.OK 

I         I         +  2KOH  =|  +  H.. 

C6H4.CO  C6H4.CO.OK 

Free  hydrogen  is  not  however  actually  evolved  but  reduces  a 
portion  of  the  quinone.  It  has  also  been  prepared  synthetically 
from  benzoic  acid,  which  is  first  converted  into  m-hydrazo- 
benzoic  acid.  On  boiling  this  substance  with  hydrochloric  acid  it 
passes  into  diamidodiphenic  acid,  which  yields  di-iododiphenic 
acid  by  the  diazo-reaction ;  the  iodine  atoms  of  the  latter 
acid  being  then  replaced  by  hydrogen  by  the  action  of  sodium 
amalgam  on  its  alkaline  solution.3 

Diphenic  acid  is  only  slightly  soluble  in  cold,  more  freely  in 
hot  water,  and  very  readily  in  alcohol  and  ether.  When  its  hot 
aqueous  solution  is  rapidly  cooled  it  separates  in  lustrous  plates, 
but  when  more  slowly  deposited  it  forms  well-developed,  trans- 

1  Annalen,   166,    367 ;    Schmitz,  Annalcn,   193,    110  ;   Grabe  and  Aubin, 
Annalen,  247,  263. 

2  Ansehiitz  and  Schultz,  Annalen,  196,  50. 

3  Schultz,  Annalen,  196,  21 ;  203,  96. 
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parent,  monosymmetric  prisms ;  if  the  solution  is  evaporated 
in  a  basin,  the  acid  crystallizes  out  in  forms  resembling  those 
of  common  salt.1  It  melts  at  228 — 229°  (Schultz),  and  sublimes 
when  carefully  heated  in  long  transparent  needles.  On  heating 
with  quicklime  diphenyleneketone  is  formed  : 

C6H4.C0.0H  C6H4X 

|  =      |        >CO  +  C02  +  H20. 

C6H4.C0.0H  C6H/ 

If,  however,  slaked  lime  or  soda  lime  be  used,  it  decomposes 
into  carbon  dioxide  and  diphenyl  (Anschutz  and  Schultz), 
whilst  on  heating  with  sulphuric  acid,  water  and  diphenylene- 
ketocarboxylic  acid  are  formed  :  2 

C6H4.C0.0H  C6KU 

|  =      |        >CO  +  H.O. 

C6H4.CO.OH  C6H/-CO.OH 

Other  dehydrating  agents  convert  it  into  the  anhydride, 
described  below.  It  is  not  attacked  by  boiling  dilute  nitric 
acid  or  by  potassium  permanganate  in  acid  or  alkaline  solution, 
even  on  heating  for  a  considerable  time,  whereas  it  is  completely 
oxidized  to  water  and  carbon  dioxide  on  heating  with  dilute 
sulphuric  acid  and  potassium  dichromate.3  Its  constitution  is 
expressed  by  the  following  formula  : 


C02H 


CO„H 


Calcium  diphenate,  2C14H804Ca  +  5H20,  is  readily  soluble  in 
water,  and  separates  on  evaporation  in  badly  developed  crystals. 

Barium  diphenate,  C14H804Ba  +  4H20,  forms  transparent, 
probably  rhombic  crystals,  effloresces  in  the  air,  and  is  less 
readily  soluble  than  the  calcium  salt. 

1  Schultz,  Annalen,  203,  97. 

2  Grabe  and  Mensching,  Bcr.  13,   1302  ;  Grabe  and  Aubin,   Bcr.    20    845  ; 
Annalen,  247,  257.  3  Hummel,  Annalen,  193,  129. 
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Magnesium  diphenate,  C14H804Mg  +  4H20,  crystallizes  in 
readily  soluble  plates. 

Silver  diphenate,  C14H804Ag2,  is  a  white,  voluminous  pre- 
cipitate, soluble  in  a  large  quantity  of  water  (Fittig  and 
Ostermayer). 

Methyl  diphenate,  C14H804(CH3)2,  is  formed  when  a  solution  of 
the  acid  in  methyl  alcohol  is  saturated  with  hydrogen  chloride 
and  then  heated  on  the  water  bath.  It  crystallizes  in  large, 
lustrous,  monosymmetric  tablets,1  melts  at  73'5°,  and  volatilizes 
without  decomposition  at  a  higher  temperature  (Schultz). 

Acid  methyl  diphenate,  C12H8(C02.CH3)C02H,  is  obtained  by 
boiling  diphenic  anhydride  for  a  short  time  with  methyl  alcohol ; 
it  crystallizes  in  tablets,  melts  at  110°,  and  volatilizes  without 
decomposition  (Grabe  and  Aubin).2 

Ethyl  diphenate,  C14H804(C2H6)2,  has  a  great  tendency  to 
separate  from  alcohol  as  an  oil  or  to  remain  after  evaporation 
as  a  thick  syrup ;  if  however  the  latter  be  completely  dehydrated 
and  well  cooled,  it  solidifies  to  a  crystalline  mass.  A  trace  of 
the  crystalline  substance  brought  into  a  moderately  concen- 
trated solution  of  the  ester  in  dilute  alcohol  is  sufficient  to 
cause  it  to  crystallize  out  in  lustrous,  transparent  cubes,  which 
sometimes  form  skeleton  crystals  like  common  salt,  and  melt  at 
42°  (Hummel). 

Acid  ethyl  diphenate,  C12H8(C02.C2H6)C02H,  crystallizes  in 
tablets,  melts  at  88°,  and  is  also  volatile  without  decomposition 
whereas  the  acid  esters  of  phthalic  acid  decompose  into  the 
alcohol  and  anhydride  on  heating  (Grabe  and  Aubin). 

2743  Diphenic  anhydride,  (C6H4.CO)20,  was  obtained  by 
Anschiitz  by  the  action  of  acetyl  chloride  on  the  acid  ;  the  reac- 
tion taking  place  even  in  the  cold,  more  rapidly  on  heating  : 

C6H4.CO.OH  C6H4.CO 

|  +  CH3.COCl  =|         >0  +  CH3.CO.OH  +  HC1. 

C6H4.CO.OH  C6H4.CO 

It  is  also  readily  formed  when  diphenic  acid  is  heated  with 
acetic  anhydride  at  140 — 150°,3  and  when  the  acid  is  boiled 
with  tin  tetrachloride,  or  heated  with  the  chlorides  of  phosphorus. 
Diphenic  anhydride  crystallizes  from  a  warm  mixture  of 
acetic    anhydride   and   glacial   acetic   acid  in  long  needles  or 

1  Calderon,  Jahresber.  1881,  842.  2  Ber.  10,  326. 

3  Anschiitz,  Bcr.  10,  1884  ;  Grabe  and  Aubin,  Annalcn,  247,  263. 
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prisms,  melts  at  217°,  and  sublimes  on  careful  heating;  when  it 
is  more  rapidly  distilled,  however,  it  partially  decomposes  into 
carbon  dioxide  and  diphenylene  ketone,  complete  decomposition 
into  these  substances  occurring  when  its  vapour  is  heated  to 
the  temperature  of  boiling  sulphur.  Boiling  water  slowly 
reconverts  it  into  diphenic  acid,  and  the  same  effect  is  pro- 
duced by  alkalis,  slowly  in  the  cold,  rapidly  on  heating. 
Methyl  and  ethyl  alcohol  do  not  attack  it  in  the  cold,  but  on 
boiling  for  a  short  time  the  acid  esters  are  formed,  and  at 
180 — 200°  the  normal  esters.  When  it  is  heated  with  sulphuric 
acid  it  is  converted  into  the  isomeric  diphenyleneketocarboxylic 
acid. 

Diphenic  chloride,  C14H802C12,  is  prepared  by  heating  the 
anhydride  with  phosphorus  pentachloride  at  180°,  the  somewhat 
violent  reaction  being  moderated  by  removing  the  flask  from 
the  oil  bath ;  the  phosphorus  oxychloride  is  then  removed  at 
130 — 140°  and  a  current  of  air  finally  passed  through  the 
heated  flask.  The  chloride  is  readily  soluble  in  ether,  glacial 
acetic  acid  and  benzene,  can  be  obtained  from  the  last  of 
these  in  crystals,  melts  at  93 — 94°,  and  can  be  distilled  without 
decomposition. 

On  heating  with  caustic  soda  solution  it  is  converted  into 
diphenic  acid,  the  methyl  ester  of  this  being  formed  when  it  is 
boiled  with  methyl  alcohol.  When  it  is  treated  in  ethereal 
solution  with  zinc  and  hydrochloric  acid,  phenanthrenequinone 
and  its  reduction  products  are  obtained.  This  reaction  and  the 
formation  of  the  methyl  ester  from  the  chloride  show  that  it 
does  not  possess  an  analogous  constitution  to  phthalyl  chloride 
(Part  IV.,  p.  460),  but  is  a  true  acid  chloride  (Grabe  and 
Aubin).  The  conversion  into  phenanthrenequinone  takes  place 
in  the  following  manner  : 

C6H4.C0C1  C6H4.CO 

|  +  2H  =   |         |        +  2HC1. 

CcH4.COCl  C6H4.CO 

Diphenamic  acid,  C12H8(CO.NH2)C02H,  is  formed  when  the 
anhydride  is  boiled  for  20 — 30  minutes  with  ammonia  : 

C6H4.CO  C6H4.CO.NH2 

|  >0  +  NH3=  |6 

C6H4.CO  C6H4.CO.OH 


DIPHENIMIDE  451 


The  ammonium  salt  is  thus  obtained  and  the  free  acid 
precipitated  by  hydrochloric  acid.  It  crystallizes  from  alcohol 
in  tablets,  melting  at  193°,  and  is  converted  into  sodium 
diphenate  by  boiling  with  caustic  soda  solution. 

Diphenamide,  C12H8(CO.NH2)2,  is  formed  when  the  anhydride 
is  heated  with  alcoholic  ammonia,  and  crystallizes  from  hot 
water  in  thick,  transparent  hexagonal  tablets,  which  melt  at 
212°  and  are  insoluble  in  alkalis. 

jDi^Aem'mw£e,C12H8(CO)2NH,is  obtained  by  heating  ammonium 
diphenate  in  closed  vessels  at  250 — 260°,  or  the  amide  above  its 
melting  point.  It  is,  moreover,  formed  when  the  isomeric 
phenanthrenequinonoxime  is  dissolved  in  ten  parts  of  acetic 
acid,  hydrogen  chloride  passed  in  to  saturation  and  the  liquid 
heated  at  130—140° : 

C6H4.CO  C6H4.CO 

|[  =|         >NH. 

C6H4.C=N.OH  C6H4.CO 

It  crystallizes  from  hot  alcohol,  in  which  it  is  only  slightly 
soluble,  in  very  lustrous  needles,  melts  at  217°,  and  is  insoluble 
in  water  and  ether.  Concentrated  hydrochloric  acid  decomposes 
it  into  ammonia  and  diphenic  acid,  whilst  boiling  caustic  potash 
solution  converts  it  into  diphenamic  acid,  and  diphenamide 
soon  separates  out  when  it  is  dissolved  in  dilute  ammonia. 
Diphenimide  is  simultaneously  a  weak  base  and  an  acid,  and 
therefore  dissolves  in  alkalis. 

Sodium  diphenimide,  C12H8(CO)2NNa,  separates  out  on  the 
addition  of  ether  to  an  alcoholic  solution  of  the  imide  as  a  white 
crystalline  powder,  readily  soluble  in  water.  The  silver  salt  is 
a  light-yellow  precipitate.  When  the  sodium  salt  is  heated 
with  methyl  iodide,  the  oily  methyl  ether  is  formed. 

Acetyldiphenimide,  C12H8(CO)2N.CO.CHs,  occurs  as  a  by- 
product in  the  preparation  of  the  imide  from  the  quinonoxime 
and  has  also  been  obtained  by  the  action  of  acetyl  chloride  on 
the  imide.  It  crystallizes  from  alcohol  in  hard  colourless  prisms, 
and  melts  at  920.1 

Anilidodiphenamic  acid,  C20H16N2O3,  is  formed  when  diphenic 
anhydride  is  heated  with  phenylhydrazine  : 

C6H4.CO  C6H4.CO.NH.NH.C6H5 

|         >0  +  NH2.NH.C6H6  =| 

C6H4.CO  C6H4.CO.OH 

1  Wegerhoff,  Annalen,  252,  14. 
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It  is  readily  soluble  in  water  and  separates  from  alcohol  in 
light-yellow  crystals,  melts  at  174°,  and  dissolves  in  the  alkalis 
and  their  carbonates.  On  heating  to  230 — 250°  it  loses  water 
and  leaves  a  residue,  melting  at  150°,  of  anilidodiphenimide : 

C6H4.CO 

|         >N.NHC6H6. 
C6H4.CO 

2744  Bromodiphenic  acid.  C12H7Br(C02H)2,  is  formed,  together 
with  a-dibromodiphenic  acid,  when  diphenic  acid  is  heated  with 
bromine  at  200°.  The  product  is  washed  with  chloroform  to 
remove  resinous  products,  and  the  acids  separated  by  means  of 
their  barium  salts. 

Bromodiphenic  acid  crystallizes  from  hot  glacial  acetic  acid  in 
small,  well-developed,  acicular  prisms,  melts  at  235 — 236°,  is 
scarcely  soluble  in  cold,  very  slightly  in  boiling  water,  sparingly 
in  chloroform,  but  readily  in  alcohol  and  acetic  acid.  On  heating 
with  slaked  lime  it  decomposes  into  carbon  dioxide  and  bromo- 
diphenyleneketone. 

Barium  bromodiphenate,  CuH7Br04Ba  +  3H20,  crystallizes  in 
long,  thin  pointed  needles,  is  very  sparingly  soluble  in  cold  and 
only  slightly  more  freely  in  hot  water. 

Ethyl  bromodiphenate,  C14H7Br04(C2H5)2,  was  obtained  as  a 
thick,  viscid  liquid,  which  solidified  after  eighteen  months  to  a 
crystalline  mass,  melting  at  65°. 

Bromodiphenic  acid  bromide,  C12H7Br(C02H)2Br2,  is  obtained 
when  diphenic  acid  is  heated  with  bromine  at  100°  for  a  week. 
It  is  very  sparingly  soluble  in  cold  alcohol,  and  crystallizes  from 
the  hot  solution  in  small  lustrous  needles,  which  melt  and 
decompose  at  256°.  When  it  is  heated  for  some  hours  in  a 
sealed  tube  at  200°  dibromodiphenic  acid  and  resinous  products 
are  formed.  The  same  acid  is  obtained  when  the  dibromide  is 
dissolved  in  warm  alkalis,  whilst  it  dissolves  without  decomposi- 
tion in  hot  sulphuric  acid  and  fuming  nitric  acid,  and  crystallizes 
from  the  latter  in  beautiful  large  needles.  In  spite  of  the  fact 
that  it  is  only  sparingly  taken  up  by  most  solvents  it  has,  like 
diphenic  acid  and  all  its  derivatives,  an  extremely  unpleasant, 
intensely  bitter  taste. 

When  it  is  dissolved  in  sodium  carbonate  at  50 — 60°,  the 
sodium  salt,  C14H7Br304Na2,  is  formed,  which  crystallizes  on 
evaporation  of  the  solution  over  sulphuric  acid  in  silky  plates, 
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and  decomposes  on  boiling  with  water  into  sodium  bromide  and 
sodium  dibromodiphenate. 

a-Bibromodiphenic  acid,  C12H6Br2(C02H)2,  is  scarcely  soluble 
in  cold  water,  readily  in  alcohol  or  ether,  and  crystallizes  from 
glacial  acetic  acid  in  small  lustrous  needles,  melting  at  245°. 
On  heating  with  slaked  lime  it  decomposes  into  carbon  dioxide 
and  dibromodiphenyleneketone. 

Calcium  dibromodiphenate,  CuH6Br204Ca  +  3H20,  crystallizes 
in  scaly  plates  and,  as  well  as  the  barium  salt,  is  readily  soluble 
in  water. 

Ethyl  dibromodiphenate,  CutIaBr204(C2H5)2,  separates  out  as 
a  buttery  mass,  which  gradually  becomes  crystalline  and  then 
melts  at  105— 1060.1 

(3-Dibromodiphenic  acid  is  slowly  formed  when  dibromo- 
phenanthrenequinone  is  boiled  with  dilute  sulphuric  acid  and 
potassium  dichromate,  and  separates  from  alcohol  in  small  crys- 
talline druses,  melts  at  295 — 296°,  and  is  scarcely  soluble  in 
cold,  only  very  slightly  in  hot  water,  more  readily  in  alcohol  and 
in  ether;  it  has  also  an  exceptionally  bitter,  persistent  taste. 
The  calcium  and  barium  salts  form  very  slender  scale-like 
plates,  sparingly  soluble  in  water,  whilst  the  ethyl  ester  is  a 
colourless,  heavy  liquid  which  decomposes  on  boiling,  an  odour 
resembling  that  of  the  allyl  compounds  being  produced.2 

Di-iododiphenic  acid,  C12H6I2(C02H)2,  was  obtained  by  Schultz 
by  suspending  the  nitrate  of  a-diamidodiphenic  acid  in  water, 
and  saturating  the  cooled  liquid  with  nitrogen  trioxide.  The 
nitrate  of  tetrazodiphenic  acid  separates  out  as  a  white  crystal- 
line mass,  sparingly  soluble  in  water,  and  is  converted  into 
di-iododiphenic  acid  by  boiling  with  hydriodic  acid.  It  can  also 
be  readily  prepared  from  a-diamidodiphenic  acid  hydrochloride, 
and  separates  from  its  solution  in  ammonia  in  white  flakes, 
melting  at  262°,  which  are  very  sparingly  soluble  in  water, 
readily  in  alcohol,  glacial  acetic  acid,  ether,  &c,  but  cannot  be 
obtained  from  these  solvents  in  the  crystalline  form.  The  salts 
are  also  amorphous,  the  silver  salt  being  a  light-yellow  pre- 
cipitate, which  swells  up  on  heating,  forming  a  mass  resembling 
the  so-called  "  Pharaoh's  serpents."  When  the  acid  is  suspended 
in  water  and  acetic  acid  and  sodium  amalgam  added,  it  is  con- 
verted into  diphenic  acid,  which  can  also  be  obtained  from  it  in 
a  similar  manner  in  alkaline  solution.3 

1  Clans  and  Erler  Ber.  19,  3149.  2  Ostermayer,  JBer.  7,  1091 

3  Schultz,  Annalen,  196,  96  ;  203,  23. 
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p-Nitrodiphenic  acid,  C12H7(N02)(C02H)2,  is  quantitatively 
formed  when  nitrophenanthrenequinone  is  heated  with  dilute 
sulphuric  acid  and  potassium  dichromate.  It  is  almost  insoluble 
in  cold  water,  and  crystallizes  from  boiling  water  in  yellowish, 
sharply-pointed,  prismatic  needles.1 

a-Dinitrodiphenic  acid,  C12H6(N02)2(C02H)2,  was  obtained 
by  Struve  by  the  oxidation  of  dinitrophenanthrenequinone.2  It 
is  also  formed,  together  with  the  /3-acid,  when  diphenic  acid  is 
heated  with  4  parts  of  fuming  nitric  acid,3  the  two  acids  being 
separated  by  means  of  their  barium  salts. 

a-Dinitrodiphenic  acid  is  best  prepared  by  heating  pure 
dinitrophenanthrenequinone  with  potassium  dichromate  and 
dilute  sulphuric  acid.4  It  is  sparingly  soluble  in  cold,  moderately 
in  hot  water,  and  crystallizes  from  the  latter  or  from  dilute 
alcohol  in  faintly-yellowish,  lustrous,  long,  broad  needles,  con- 
taining one  molecule  of  water  which  is  lost  at  150 — 160°,  the 
crystals  becoming  white,  and  then  melting  at  253°. 

Barium  a-dinitrodiphenate,  C14H6(N02)204Ba  +  6H20,  is 
somewhat  sparingly  soluble  in  cold,  readily  in  hot  water,  and 
crystallizes  in  fascicular  or  concentric  groups  of  long,  slender, 
lustrous  needles. 

Methyl  a-dinitrodiphenate,  CuH6(N02)204(CH3)2,  is  sparingly 
soluble  in  alcohol,  and  crystallizes  in  needles,  melting  at 
176 — 177°,  or  from  toluene  in  masses  of  short,  yellowish, 
lustrous,  monosymmetric  prisms.5 

fi-Diniirodiphcnic  acid  is  best  obtained  by  heating  the  by- 
products formed  during  the  preparation  of  dinitrophenanthrene, 
with  dilute  sulphuric  acid  and  potassium  dichromate,  a  little  of 
the  a-acid  being  simultaneously  formed,  which  is  separated  as 
described  above.6 

/3-Dinitrodiphenic  acid  crystallizes  in  slender  needles,  melting 
at  297°,  is  insoluble  in  cold,  very  sparingly  soluble  in  hot  water, 
and  readily  in  alcohol. 

Barium  fi-dinitrodiphenate,  CMH6(N02)204Ba  +  4H20,  is  very 
readily  soluble  in  cold  water,  and  crystallizes  in  large,  thick, 
lustrous,  pale-yellow  asymmetric  prisms. 

Methyl  fi-dinitrodiphenatc  is  readily  soluble  in  alcohol,  and  forms 
pale-yellow,  thick,  monosymmetric  tablets,  melting  at  131 — 132°. 

1  Strassburger,  Ber.  16,  2346.  =  Ber.  10,  75. 

3  Hummel,  Annalen,  193,  131  ;  Schultz,  Annalen,  203,  105. 

4  Schultz,  Annalen,  196,  25.  «  Schultz,  Annalen,  203,  HI. 
6  Schultz,  Annalen,  203,  105. 
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p-Amidodiphenic  acid,  C12Hr(NH2)(C02H)2,  was  prepared 
by  Strassburger  by  the  reduction  of  nitrodiphenic  acid  by  tin 
and  hydrochloric  acid,  the  hydrochloride  being  thus  obtained  in 
white,  silvery  plates. 

p-Diamidodiphenic  acid,  2C12H6(NH2)2(C02H)2  +  3H20,  was 
obtained  by  Griess  by  the  continued  heating  of  m-azobenzoic 
acid  with  tin  and  hydrochloric  acid,  and  by  boiling  m-hydrazo- 
benzoic  acid  with  hydrochloric  acid.1  It  is  also  formed  by 
the  reduction  of  a-dinitrodiphenic  acid  with  tin  and  hydro- 
chloric acid,2  and  is  precipitated  by  acetic  acid  from  the  solution 
of  its  ammonium  salt  as  a  heavy  white  powder,  or,  when  the 
solution  is  dilute,  in  short,  white,  tasteless  needles,  which  are 
only  very  slightly  soluble  in  water  and  alcohol,  and  scarcely  in 
ether.  When  it  is  heated  to  150°  it  becomes  anhydrous,  and  at 
170°  is  converted  into  a  new  amido-acid,  which  on  ignition  with 
lime  yields  diamidofluorene,  C13H8(NH2)2.  The  same  substance 
is  formed  when  the  original  diamidodiphenic  acid  is  heated 
with  lime,  benzidine  being  however  simultaneously  formed,  and 
being  the  sole  product  of  the  dry  distillation  of  the  barium  salt. 
Diamidodiphenic  acid  has  therefore,  the  following  constitution, 
that  of  a-dinitrodiphenic  acid  and  di-iododiphenic  acid  being 
at  the  same  time  determined  : 


C02H  C02H 


>NH2. 


When  it  is  dissolved  in  concentrated  sulphuric  acid  and  a 
drop  of  fuming  sulphuric  acid  added,  the  liquid  becomes  brown 
on  warming,  then  green,  and  finally  yellow. 

Silver  diamidodiphenate,  CuH10N2O4Ag2  +  H20,  is  a  white 
amorphous  precipitate,  which  rapidly  changes  to  stellate 
groups  of  small  plates. 

Diamidodiphenic  acid  hydrochloride,  C12H6(NH3C1)2(C02H)2, 
crystallizes  in  white  prisms,  is  readily  soluble  in  hot,  sparingly 
in  cold  water,  and  even  less  readily  in  hydrochloric  acid. 

When  platinum  chloride  is  added  to  its  dilute  solution, 
the  compound,  C12H6(C02H)2(NH3)2PtCl6  +  2H20,  separates 
out  in  well  developed  yellow  rhombic  tablets  or  prisms 
(Griess). 

The  nitrate  crystallizes  from  hot  water  in  long  slender  needles 
(Schultz). 

1  Ber.  7,  1609.  2  Schultz,  Annalen,  196,  25  ;  203,  99. 
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2745  o-m-Diphenyldicarboxylic  acid,  or  Isodiphenic  acid,  is 
formed  when  diphenyleneketonecarboxylic  acid  is  fused  with 
potash : 1 

C6H4\  C0H4.CO.OK 

I        >CO         +  2KHO  =  |  +  H20 

C6H8^-CO.OH  C6H4.CO.OK 

It  is  readily  soluble  in  alcohol,  scarcely  in  cold,  with  difficulty 
in  boiling  water,  and  crystallizes  in  fine  groups  of  small  needles, 
melts  at  216°,  and  on  gradual  cooling  solidifies  to  a  crystalline 
mass,  but  when  rapidly  cooled  forms  a  vitreous  mass.  On  heat- 
ing with  lime  it  decomposes  into  carbon  dioxide  and  dipheny- 
leneketone,  a  small  amount  of  diphenyl  being  also  formed.  It 
is  oxidized  to  isophthalic  acid  by  dilute  sulphuric  acid  and 
potassium  dichromate,  and  has  the  following  constitution  : 

C02H      C02H 

\_/     \_/ 

Calcium  isodiphenate,  C14H804Ca  +  2H.20,  separates  during 
evaporation  from  a  somewhat  dilute  solution  in  crusts,  which 
only  redissolve  with  great  difficulty. 

Barium,  isodiphenate,  C14Hg04Ba  +  6H20,  crystallizes,  when 
its  concentrated  solution  is  evaporated  over  sulphuric  acid,  in 
fascicular  groups  of  thick  transparent  prisms.  If  the  solution 
be  evaporated  to  dryness  on  the  water-bath,  the  residue  can 
only  be  redissolved  by  continued  heating  with  a  large  quantity 
of  water. 

Silver  isodiphenate,  C14H804Ag2,  is  a  white  precipitate,  and 
does  not  become  coloured  when  exposed  to  light  or  heated  to 
100°. 

Methyl  isodiphenate,  C14H804(CHs)2,  crystallizes  from  alcohol 
in  small  thick  asymmetric  tablets,  whilst  the  ethyl  ester  is  a 
thick  liquid. 

m-Diphenyldicarboxylic  acid  is  formed,  according  to  Stolle,  by 
the  oxidation  of  m-ditolyl,  but  has  not  been  described. 

Dichloro-m-diphenyldicarboxylic  acid,  C12H6C12(C02H)2,  is  ob- 
tained by  boiling  tetrachloro-m-ditolyl  with  dilute  nitric  acid ; 
it  is  only  sparingly  soluble  in  cold,  more  readily  in  hot  water, 
and  melts  at  267— 268°.3 

1  Fittig  and  Gebhard,  Annalen,  193(  155. 

2  Fittig  and  Licpmann,  Annalen,  200    9. 

3  Stolle,  Ber.  21,  1096. 
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Bihydroxy-m-diphenyldicarboxylic  acid,  or  p-Diphenol-m-dicar- 
loxylic  acid,  C12H6(OH)2(C02H)2,  is  formed  when  the  sodium 
compound  of  p-diphenol  is  mixed  with  liquid  carbon  dioxide  and 
heated  to  200°.  It  is  slightly  soluble  in  water,  readily  in  alcohol, 
and  separates  out  on  cooling,  when  water  is  added  to  the  boiling 
alcoholic  solution  until  a  permanent  turbidity  is  produced,  in 
microscopic  needles,  melting  at  131°  with  evolution  of  carbon 
dioxide.  When  ferric  chloride  is  added  to  the  acid  suspended 
in  water,  it  becomes  coloured  bluish-violet  and  dirty  brown  on 
heating,  whilst  in  the  solution  of  its  sodium  salt  a  deep  blue 
colour  and  an  indigo-blue  precipitate  are  produced.1  It  therefore 
behaves  in  a  manner  similar  to  salicylic  acid,  and  has  probably 
the  following  constitution : 

coja     co„h 

L_         L* 

Biamido-m-diphenyldicarboxylic  acid,  C12H6(NH2)2(C02H)2, 
was  obtained  by  Griess  by  boiling  o-hydrazobenzok:  acid  with 
hydrochloric  acid.  When  the  hot  boiling  solution  is  treated 
with  ammonia  and  then  acetic  acid,  it  separates  out  as  a  siskin- 
green  precipitate,  consisting  of  slender  needles,  which  are  also 
but  slightly  soluble  in  alcohol  and  ether.  The  platinochloride 
forms  light  yellow  needles,  almost  insoluble  in  water.2 

p-Diphenyldicarboxylic  acid  was  first  prepared  by  Doebner  by 
heating  the  nitrile,  described  below,  with  concentrated  hydro- 
chloric acid  at  ISO0,3  and  afterwards  by  the  oxidation  of  f?-ditolyl 
with  chromium  trioxide  in  acetic  acid  solution.4  It  separates  from 
solutions  of  its  alkali  salts  on  addition  of  hydrochloric  acid  in  thick 
white  flakes,  and  after  drying  forms  an  amorphous  white  powder, 
which  closely  resembles  terephthalic  acid  and,  like  this,  is  almost 
insoluble  in  boiling  water,  alcohol,  &c,  does  not  melt  nor  sub- 
lime, and  only  decomposes  at  a  very  high  temperature.  Almost 
all  its  salts,  with  the  exception  of  those  of  the  alkalis,  are 
insoluble  in  water.  On  heating  with  an  excess  of  lime  it 
decomposes  quantitatively  into  carbon  dioxide  and  diphenyl. 

Barium  p-diphenyldicarboxylate,  CuH804Ba,  is  a  white 
granular  precipitate,  almost  insoluble  even  in  boiling  water. 
The    calcium   salt  resembles   it   and  the  silver  salt  is  also  a 

1  Schmitt  and  Kretschmar,  Ber.  20,  2703  2  Ber.  7,  1612. 

3  Annalen,  172,  116.  4  Ber.  9,  271. 
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granular  precipitate,  which  on  boiling  with  water  coagulates 
and  dissolves  to  a  small  extent. 

Ethyl  p-diphenyldicarboxylate,  CuHs04(C2H5)0,  is  not  formed 
when  hydrochloric  acid  is  passed  through  alcohol  in  which 
the  acid  is  suspended.  It  can  however  be  readily  prepared 
by  heating  the  silver  salt  with  ethyl  iodide ;  it  crystallizes  from 
hot  alcohol  in  large  flat  prisms  and  melts  at  112°. 

p-Diphenonitrile  or  p-Dicyanodiphenyl,  C10H8(CN)2,  is  ob- 
tained by  heating  potassium  diphenyldisulphonate  with 
potassium  cyanide.  It  crystallizes  from  hot  alcohol  in  thin 
arborescent  needles,  melts  at  234°,  and  when  more  strongly 
heated  sublimes  in  lustrous  serrated  plates.  On  boiling  with 
alcoholic  potash  it  is  only  slowly  converted  into  the  acid,  since 
the  insoluble  amide,  C12H8(CONH2)2,  is  first  formed  and  is  not 
easily  further  attacked,  the  amido-acid,  C12Hg(CONH2)C02H, 
which  is  also  insoluble,  being  probably  the  next  product.  In 
order  to  obtain  the  pure  acid  the  product  is  dissolved  in  a  large 
excess  of  caustic  potash  and  repeatedly  evaporated  to  a  small 
bulk.  It  is  however  better  to  heat  the  nitrile  for  twelve  hours 
at  180"  with  concentrated  hydrochloric  acid,  but  it  is  still 
advisable  to  purify  it  by  evaporation  with  caustic  potash. 

o-p-Biphenyldiearboxylic  acid  is  obtained  from  diphenyline  by 
diazotizing  it  and  running  the  solution  intoa  heated  potassium 
cuprous  cyanide  solution ;  the  nitrile  is  thus  formed  and  crys- 
tallizes from  alcohol  in  well-formed  plates,  melting  at  152 — 153°. 
The  acid  prepared  from  it  by  boiling  with  caustic  potash 
separates  on  the  evaporation  of  its  solution  in  white  plates, 
melting  at  251— 25  20.1 

(HO)2C6H9.C02H 

DlHYDEOXYDIPHENTLDICAEBOSYLIC   AdD  j 

(HO)2C6H2.C02H 

2746  Dehydrodiprotocatechuic  acid.     When  vanillin  is  heated 
with  ferric  chloride,  dehydrodivanillin  is  formed  : 
HOx  H(X 

>C6H3.CHO  >C6H2.CHO 

CH3O/  CHs0/ 

+  2FeCl3  = 
CH3Ox  CH3Ov 

>C6H3.CHO  >66Hs.CHO 

HCK  HO/ 

+  2FeCl2  +  2HC1. 

1  Reuland,  Ber.  22,  3018. 
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This  substance  forms  white  needles,  melts  at  303 — 304°,  is 
sparingly  soluble  in  water  and  alcohol,  but  readily  in  alkalis, 
and  on  fusion  with  caustic  potash  is  converted  into  the  acid 
mentioned  above.  The  latter  is  precipitated  by  hydrochloric 
acid  in  flakes,  which  form  hard  brown  masses  on  drying,  melts 
above  300°,  is  somewhat  soluble  in  water,  more  readily  in 
alcohol,  and  behaves  towards  ferric  chloride  like  protocatechuic 
acid.1 

Diresorcinoldicarboxylic  acid  is  obtained  by  heating  diresorcinol 
(p.  386)  with  water  and  acid  potassium  carbonate  at  130°, 
and  forms  a  powder,  insoluble  in  water,  sparingly  soluble  in 
alcohol. 

Potassium  diresorcinoldicarboxylate,  CuHg08K2,  crystallizes  in 
slender  white  needles,  soluble  in  water. 

Barium  diresorcinoldicarboxylate,  C14H808Ba  +  6H20,  forms 
lustrous  needles,  and  is  moderately  soluble  in  water.2 


ETHYLDIPHENYL  AND  DERIVATIVES. 

2747  Ethyldiphenyl,  C6H6.C6H4.C2H6,  is  obtained  by  the  action 
of  ethyl  chloride,  ethyl  iodide,  or  better  ethylene  on  a  mixture 
of  aluminium  chloride  and  fused  diphenyl.  It  is  a  liquid,  boils 
at  283 — 284°,  and  is  oxidized  by  chromic  acid  solution  to 
m-phenylbenzoic  acid. 

Methyldiphenylleetone,  C6H6.C6H4.CO.CH3,  is  formed  by  the 
action  of  acetyl  chloride  on  a  solution  of  diphenyl  and  aluminium 
chloride  in  carbon  disulphide.  It  forms  white,  faintly  nacreous 
pliable  crystals,  melts  at  121°,  boils  at  325—327°,  and  is  also 
oxidized  by  chromic  acid  to  m-phenylbenzoic  acid.  When 
sodium  amalgam  is  added  to  its  alcoholic  solution,  methyl- 
diphenylcarbinol,  C6H6.C6H4.CH(OH)CH3,  is  formed,  which  melts 
at  85 — 86°,  and  decomposes  on  distillation.3 

1  Tiemann,  Ber.  18,  3493.  2  Will  and  Albrecht,  Ber.  17,  2105. 

3  Adam,  Bull.  Soc.  Chim.  47.  686  ;  49,  97  ;  Ann.  Chim.  Phys.  VI.  15,  255. 
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DERIVATIVES  OF  DIPHENYL  CONTAINING 
MORE  THAN  FOURTEEN    ATOMS    OF    CARBON. 

2748  Diphenyltricarboxylic  acid,  C6H5.C6H2(C02H)3,  is  obtained 
by  fusing  diphenylketonedicarboxylic  acid  with  6—8  parts  of 
caustic  potash  and  a  little  water  at  the  lowest  possible  tem- 
perature : 

CCH4\  C6H5 

C0H£-COOK    +  MUK  _  C6H2^CO.OK. 
\COOK  '      \CO.OK 

It  is  readily  soluble  in  ether  and  alcohol,  from  which  it 
separates  in  flakes.  Cold  water  only  dissolves  traces  of  it,  and 
it  is  only  slightly  soluble  in  boiling  water,  separating  out  on 
cooling  as  a  crystalline  powder,  which  can  be  heated  to  270° 
without  undergoing  any  change.  When  its  alcoholic  solution 
is  mixed  with  a  little  water,  it  soon  crystallizes  in  cellular 
masses  of  interlocked  needles.  On  distillation  with  lime  it 
decomposes  into  carbon  dioxide  and  diphenyl. 

Silver  diphenyltricarboxylate,  C15H7Ag306,  is  a  heavy  white 
precipitate,  which  on  heating  suddenly  becomes  incandescent 
and  swells  up  to  a  voluminous  vermiform  mass.1 


HYDROCARBONS,  CnH2n_u,  AND  THEIR 
DERIVATIVES. 

2749  m-Dixylyl,  (CH3)2.C6H3.C6H3(CH3)2,  was  obtained  by 
Fittig  by  the  action  of  sodium  on  bromo-m-xylene,  and  forms  a 
strongly  refractive  liquid,  boiling  at  290 — 295°.2  Probably 
identical  with  this  substance  is  the  dixylyl  prepared  by  Oliveriby 
shaking  commercial  xylene  with  sulphuric  acid,  which  is  a  strongly 
refractive  fluorescent  liquid,  boiling  at  293 — 297°,  and  smelling 
like  Copaiva  balsam.3 

p-Dixylyl  was  obtained  by  Jacobsen  as  a  product  of  the 
distillation    of  mercury  p-xylyl,  (CH3)2C6H3HgC6H3(CH3)2 ;  it 

1  Bamberger  and  Hooker,  Annahn,  229,  159. 

2  Annalen,  147,  3".  3  Gazz.  Chim.  Ital.  12,  158. 
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crystallizes  from  hot  alcohol  in  long,  arborescent  needles,  and 
melts  at  125".1 

The  various  azo-xylenes  can  readily  be  converted  into  diamido- 
dixylyls,  which,  like  their  lower  homologues,  can  be  employed 
for  the  manufacture  of  dyes,  but  have  not  been  carefully 
examined.2 

Dicresoldicarboxylic  acid,  (CH3)2C12H4(OH)2(C02H)2,  is  formed 
when  the  sodium  compound  of  dicresol  is  heated  at  160°  with 
liquid  carbon  dioxide ;  it  crystallizes  from  alcohol  in  small 
needles,  does  not  melt  even  at  290°,  and  is  coloured  blue  by 
ferric  chloride.  On  heating  with  acetic  anhydride  the  com- 
pound (CH3)2C12H4(O.CO.CH3)2(C02H)2,  is  formed,  and  crystal- 
lizes in  white  needles,  which  are  also  coloured  blue  by  ferric 
chloride.3 

Benzidinetetracarboxylic  acid,  C12H4(NH2)2(C02H)4,  is  not 
known  in  the  free  state;  its  anhydride  is  formed  when  azo- 
phthalic  acid,  prepared  from  7-nitrophthalic  acid,  is  boiled  with 
a  solution  of  stannous  chloride : 


/CO.OH 

/C°\ 

^Xco/0 

n.c6h3< 

xCO.OH 

H2N.< 

+  2H 

= 

+  2H,0 

/CO.OH 
N.C6H3< 

\CO.OH 

H2N.( 

/C°\ 

^Xco/0 

It  is  a  light,  pale-yellow  powder,  does  not  dissolve  in  water, 
alcohol,  and  dilute  acids,  but  is  soluble  in  alkalis. 

The  potassium  salt,  C12H11(NH2)2(C203)(C02K)2  +  5H20, 
crystallizes  in  large  amber-yellow  prisms.  When  silver 
nitrate  is  added  to  its  solution,  a  light  yellow  precipitate  of 
C12H8Ag2N207  is  produced ;  if,  however,  the  anhydride  be  dis- 
solved in  ammonia  and  the  excess  of  the  latter  allowed  to 
evaporate,  silver  nitrate  produces  a  similar  precipitate  of  the 
composition  C12H4(NH2)2(C02Ag)4.  On  heating  the  anhydride, 
carbonization  takes  place  and  the  compound  C14H8N202  sublimes 
in  light  yellow,  delicate  needles.  It  probably  has  the  following 
constitution : 4 

1  Ber.  14,  2112. 

2  Nolting  and  Strieker,  Ber.  21,  3143. 

3  Deninger,  Ber.  21,  1639. 

4  Claus  and  Hemmann,  Ber.  16,  1759. 
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^fiH-3\ 


CRH„ 


,NHv 

,NHS 


Diethyldiphenyl,  C12H8(C2H6)2,  is  a  liquid,  boils  at  304 — 310°, 
and  on  oxidation  yields,  like  m-ditolyl,  an  acid,  which  on  heating 
neither  melts  nor  sublimes  (Adam). 

Diamidodicthyldiphcnyl,  C12H6(NH2)2(C2H6)2,  was  obtained  by 
Schultz  by  heating  o-azoethylbenzene  with  an  acid  solution  of 
stannous  chloride.  The  free  base  separates  from  alcohol  as  a 
viscid  mass.  The  sulphate,  C12H6(C2HB)2(NH3)2S04,  forms 
lustrous  needles,  only  slightly  soluble  in  cold  water ;  the  acetyl 
compound,  C12H6(C2H6)2(NH.COCH3)2,  crystallizes  from  hot 
glacial  acetic  acid  in  lustrous  needles,  melts  at  307°,  and  sub- 
limes almost  at  the  same  temperature  in  snow-white  needles. 
In  endeavouring  to  prepare  the  corresponding  hydrocarbon  by 
means  of  the  diazo-reaction,  Schultz  chiefly  obtained  the  diethyl 
ether,  C12H6(C2H6)2(OC2H5)2.  This  substance  crystallizes  from 
hot  alcohol  in  lustrous  plates,  melting  at  120°,  and  was  accom- 
panied by  a  small  amount  of  an  oily  hydrocarbon,  which  yielded 
isophthalic  acid  on  oxidation.1 


Phenols,  CnH2ti_i402. 

2750  Bipseudocumenol,  or  Hexmeihylcliphenol,  (CH3)3C6H(OH) 
■ — C6H(OH)(CH3)3,  is  formed  in  small  quantity  during  the 
preparation  of  a-pseudocumenol  from  a-pseudocumidine  by 
means  of  the  diazo-reaction.  In  order  to  prepare  it,  pseudo- 
cumenol  is  dissolved  in  glacial  acetic  acid  and  an  acetic  acid 
solution  of  potassium  dichromate  added.2  It  is  also  formed 
when  pseudocumenol  is  heated  with  dilute  nitric  acid  or  ferric 
chloride,3  and  separates  from  hot  glacial  acetic  acid  in  lustrous 
white  needles  or  small  crystals,  having  a  diamond  lustre.  It  melts 
at  173°,  is  slightly  soluble  in  alcohol,  acetic  acid,  and  alkalis, 
readily  in  ether  and  chloroform,  and  does  not  volatilize  with 
steam. 

1  Bar.  17,  473.  2  Auwers,  Ber.  17,  2982.  s  Ber_  ^  2659. 


AZO-DYES  DERIVED  FROM  DIPHENYL  463 

Dijpseudocumenol  methyl  ether,  C13H20(OCH3)2,  is  obtained  by 
beating  dipseudocumenol  with  caustic  potash,  methyl  alcohol, 
and  methyl  iodide ;  it  crystallizes  from  alcohol  in  white  needles, 
melts  at  126°,  and  is  insoluble  in  alkalis. 

Dibromodipseudocumenol,  C18H18Br2(OH)2,  is  formed  when  the 
phenol  is  brominated  in  acetic  acid  solution ;  it  occurs  in  small 
lustrous  crystals,  melts  at  186 — 187°,  is  insoluble  in  water, 
slightly  soluble  in  alkalis  and  readily  in  alcohol. 

Dithymol,  C3H7(CH3)C6H2(OH)— C8H2(OH)CH3(C3H7),  is 
prepared  by  oxidizing  a  warm  mixture  of  1  part  of  thymol  and 
10  parts  of  water  with  ferric  chloride,  or  better,  a  solution  of 
iron  alum,  the  liquid  being  kept  neutral  by  the  addition  of 
sodium  carbonate.  It  is  also  obtained  when  iodine  is  added  to  an 
alkaline  thymol  solution,  the  brownish-red  precipitate  dissolved 
in  ether,  alcoholic  potash  added,  and  zinc  dust  then  gradually 
introduced.1  It  crystallizes  in  prisms  or  tablets,  melts  at  165 '5°, 
a  portion  subliming  at  the  same  time,  readily  dissolves  in 
alcohol,  and  forms  an  orange-yellow  coloured  solution  in  alkalis. 

On  treatment  with  nitrous  acid  it  does  not  yield  a  nitroso- 
phenol  or  quinonoxime,  and  has  therefore  probably  the  following 
constitution : 

CH,    CH3 

_/                 \_ 
tto     /      \ /       \ OH 

/  \ 

C3H7  C3H7 

Dibenzoyldithymol,  C20H24(O.CO.C6H6)2,  forms  colourless 
microscopic  plates,  and  melts  at  215°. 

Dicarvacrol  is  isomeric  with  dithymol,  and  is  obtained  from 
carvacrol  in  a  similar  manner.  It  crystallizes  from  dilute  alcohol 
in  long,  thin,  silky  needles,  melts  at  154°,  and  is  readily  soluble 
in  alcohol.2 


THE  AZO-DYES  OF  THE  DIPHENYL  GROUP. 

2751  In  1881  Schultz  found  that  when  the  tetrazodiphenyl 
nitrate  obtained  from  benzidine  is  brought  into  an  alkaline 
solution  of  phenol,  a  colouring  matter  is  formed  which  dyes  silk 

1  Messinger  and  Pickersgill,  Ber.  23,  2761. 

3.  Dianin,  Ber.  15,  1194  ;  Beilstein's  Handb.  2,  637. 
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a  beautiful  and  fast  yellow.1  Shortly  after  this  several  of  these 
benzidine  dyes  were  prepared,  and  since  they  contain  the 
diazo-group  twice,  were  known  as  diazo-  or  tetrazo-colours. 
It  was,  however,  found  that  most  of  them  were  not  suitable 
for  dyeing  wool,  and  they  appeared  to  be  of  no  practical  im- 
portance until  P.  Bottiger  in  1883  made  the  remarkable 
discovery  that  the  colouring  matter  known  as  Congo  Red, 
prepared  from  benzidine  and  naphthionic  acid,  which  is  not 
stable  towards  acids,  and  is  quite  unfitted  for  dyeing  wool,  is 
notwithstanding  capable  of  dyeing  unbleached  cotton  a  fine  and 
moderately  stable  red  in  alkaline  solution.  Since  that  time  a 
large  number  of  such  azo-dyes  for  cotton,  or  colouring  matters 
of  the  Congo-group  has  been  manufactured,  the  shades  which 
they  produce  depending  upon  their  composition.  Thus,  com- 
binations of  benzidine  with  the  hydroxybenzoic  acids  give 
yellow,  those  with  the  various  naphthylaminesulphonic  acids 
red,  and  those  with  the  naphtholsulphonic  acids  violet  to 
violet-blue  shades.  Numerous  compound  shades  can  be  pro- 
duced by  combining  the  tetrazo-compound  of  benzidine  with 
one  molecule  of  a  phenol  or  amine,  or  one  of  their  sulphonic 
acids,  and  then  bringing  the  resulting  unstable  diazo-compound 
together  with  a  second  molecule  of  a  different  phenol,  amine, 
&c.2  If  benzidine  be  replaced  by  orthotolidine  or  dianisidine  the 
yellow  dyes  take  a  redder  shade,  and  the  red  or  violet  become 
much  bluer  and  in  some  cases  almost  a  pure  blue. 

The  property  possessed  by  these  substances  of  being  fast  on 
cotton  does  not  depend  upon  the  diphenyl  residue  alone,  since 
the  monamido-diphenyls  and  diphenyline  do  not  yield  dyes, 
whereas  such  are  given  by  orthotolidine,  dianisidine,  and  other 
diparamido-compounds.  The  meta-substitution  products  also 
give  dyes,  but  not  the  ortho-compounds.  They  are,  however, 
obtained  from  ^-diamidobenzene,  1  :  4'-diamidonaphthalene  and 
from  diamidostilbene,  C6H4(NH2)C2H2.C6H4(NH2),  the  deriva- 
tives of  which  will  be  subsequently  described. 

Azo-dyes  for  cotton  are  therefore  only  obtained  from  j>diamido- 
compounds  and,  among  the  derivatives  of  diphenyl,  from  such 
substances  in  which,  in  addition,  the  ortho-hydrocen  is  not 
replaced. 

The  preparation  of  these  dyes  is  similar  to  that  of  other 
azo-colouring  matters,  the  diamido-compound  being  diazotized 

1  Annalen,  207,  334. 

!  Schultz,  Ber.  17,  461 ;  Steinkohlenthecr,  2,  305. 
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and  a  solution  of  the  phenol,  sulphonic  acid,  &c,  in  caustic 
soda  added. 

The  dyeing  usually  takes  place  in  a  bath  heated  to  80 — 100°, 
which  is  made  strongly  alkaline  by  the  addition  of  soap,  borax, 
sodium  silicate,  sodium  stannate,  &c,  and  sodium  sulphate  added 
to  aid  the  absorption  of  the  colour. 

Almost  all  of  these  dyes  are  altered  by  acids,  the  red  being 
most  delicate  and  the  violet  rather  more  stable,  whilst  the  blue 
are  not  affected.  On  the  other  hand,  the  last  are  sensitive  to 
light,  the  reds  more  stable  and  the  yellow  chrysamines  fast 
both  to  light  and  soap.  Only  a  few  of  the  most  important  or 
better  known  are  here  described.  For  an  account  of  the  others 
reference  may  be  made  to  the  works  cited  in  the  footnote.1 

Chrysamine  G,  C26H16N406Na2,  is  prepared  from  benzidine 
and  salicylic  acid  and  occurs  in  commerce  as  a  brownish  red 
powder,  only  slightly  soluble  in  water,  readily  in  dilute  caustic 
soda  solution,  a  brownish  red  solution  of  the  basic  salt, 
C26H14N406Na4  being  formed.  Hydrochloric  acid  produces  a 
brownish  red  precipitate  in  this  solution.  It  forms  a  reddish 
violet  coloured  solution  in  concentrated  sulphuric  acid,  the 
addition  of  water  to  which  produces  a  brown  precipitate  of 
the  free  acid.     It  dyes  wool  a  fine  yellow  in  a  soap  bath. 

Chrysamine  R,  C26H20N4O6Na2,  is  obtained  from  orthotolidine 
and  is  very  similar  to  the  preceding  compound  but  produces  a 
redder  yellow. 

The  constitution  of  these  compounds  is  expressed  by  the 
following  formulas  : 

G. 
C6H4N=NC6H3(OH)C02Na 

C6H4N=NC6H3(OH)C02Na 

R. 
C6Hs(CH3)N=NC6H3(OH)C02Na 

C6H3(CH3)N=NC6H3(OH)  C02Na" 

Congo  red,  C32H22N6S206Na2,  is  obtained  from  benzidine  and 
naphthionic  acid,  and  forms  a  brownish  red  powder,  which  yields 
a  reddish  brown  coloured  solution  in  water  and  separates  from 
the  hot  liquid  in  lustrous  green  crystals.  Hydrochloric  acid  pro- 
duces a  blue  and  caustic  soda  a  reddish  brown  precipitate; 
1  Sehultz,  SteinkoMcnthecr,  2,  256  ;  Friedlander,  Thecrfarbenfabr.  455. 
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in  sulphuric  acid  it  forms  a  blue  solution  from  which  water  pre- 
cipitates the  free  blue  acid.  It  is  decomposed  by  the  action 
of  zinc  dust  on  its  solution  in  ammonia  into  benzidine  and 
1  : 2-diamidonaphthalenesulphonic  acid :  and  has  therefore  the 


following  constitution : 
NH2 

NH2 

— N=N— <^ 

\-n=nYX/X 

S08Na  S03Na 

Cotton  is  dyed  with  it  in  a  soap  bath  to  which  Glauber's  salt 
has  been  added,  the  shades  produced  varying  from  a  delicate 
pink  to  a  fiery  scarlet  or  Turkey  red  according  to  the  amount 
of  colouring  matter  employed. 

On  account  of  its  sensitiveness  towards  acids,  even  acetic 
acid,  Congo  red  has  been  recommended  as  a  reagent  for  acids 
and  as  an  indicator  for  titrations  of  acids  and  alkalis.  Julius 
proposed  to  employ  it  in  the  titration  of  aniline  and  Herberg 
used  it  to  detect  free  acid  in  paper.  According  to  Erdmann  it 
exceeds  litmus  in  delicacy.  Vulpius  and  Dietrich,  on  the  other 
hand,  maintain  that  it  is  only  useful  for  certain  titrations, 
especially  for  aniline.2 

Briicke,  who  has  carefully  studied  the  behaviour  of  various 
acids  and  salts  towards  Congo  red,  has  found  that  it  is  coloured 
purple  violet  by  carbon  dioxide  and  violet  by  boric  acid.  An 
aqueous  solution  of  arsenic  trioxide  does  not  affect  it.  If  suffi- 
cient sulphuric,  phosphoric,  oxalic,  lactic,  tartaric  or  salicylic 
acid  be  added  to  an  aqueous  solution  of  Congo  red  to  turn  it 
violet,  and  the  liquid  be  then  heated,  the  colour  becomes 
purple  at  50°  and  above  60°  red,  but  changes  to  violet  again 
on  cooling.  If,  however,  sufficient  acid  be  added  to  turn  it 
blue,  no  change  occurs  on  heating.  The  blue  colour  becomes 
violet,  brown  or  red  on  the  addition  of  an  acetate  or  acid  tartrate, 
but  it  passes  back  to  blue  on  the  further  addition  of  acid. 
Even  sulphuric  and  hydrochloric  acid  are  affected  in  this  way  by 
the  salts  of  weaker  acids.  He  therefore  considers  that  Congo 
red  is  not  suited  for  use  in  volumetric  analysis,  and  that  unlike 
litmus,  it  does  not  possess  the  property  of  being  only  affected 
by  free  acid.3 

1  Witt,  Ber.  19,  1719.  >  Sehultz,  Steinkohlenthcer,  2   303. 

3  Monatsh.  Chcm.  9,  31. 
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Benzopurpurine  B,  C34H26N6S206Na2,  prepared  from  tolidine 
and  /3-naphthylamine-/3-sulphonic  acid,  is  a  brown  powder  and 
forms  a  reddish  brown  solution  in  water  which  is  not  altered 
by  caustic  soda,  whilst  hydrochloric  acid  produces  a  brown  pre- 
cipitate. It  forms  a  blue  solution  in  sulphuric  acid  in  which 
water  produces  a  brown  flocculent  precipitate.  It  dyes  wool 
red,  the  colour  being  stable  to  acetic  acid. 

If  naphthionic  acid  is  used  instead  of  the  S-acid,  a  very  similar 
substance,  henzopurpurine  4>B,  is  produced,  whilst  with  1  : 4'- 
naphthylaminesulphonic  acid,  henzopurpurine  6B,  which  dyes 
cotton  a  bluish  red  is  obtained. 

Deltapurpicrine  5B,  C34H26N6S206Na2,  is  obtained  from  tolidine 
and  commercial  /3-naphthylamme-S-sulphonic  acid,  which  con- 
tains about  50  per  cent,  of  /3-naphthylamine-/3-sulphonic  acid. 
Since  each  of  these  acids  is  easily  acted  on,  the  deltapurpurine 
obtained  is  naturally  a  mixture  of  the  colouring  matters  and 
contains  together  with  benzopurpurine  B,  the  sodium  salt  of 
ditolyldiazo-/3-naphthylamine-S-sulphonic  acid  or  deltapurpurine 
IB  and  the  mixed  azo-colour  which  is  produced  from  equal 
molecules  of  tetrazoditolyl  chloride  and  the  two  sulphonic  acids, 
and  which  is  present  to  the  extent  of  50  per  cent.  When 
common  salt  is  added  to  an  aqueous  solution  of  the  product, 
deltapurpurine  7B  is  first  precipitated,  the  difficultly  soluble 
magnesium  salt  of  which  can  be  obtained  by  adding  magnesium 
sulphate  to  a  boiling  solution  of  the  deltapurpurine  5B.1  The 
solution  of  the  latter  gives  with  hydrochloric  acid  a  brown  and 
with  caustic  soda  a  red  precipitate.  Both  the  deltapurpurines 
form  blue  solutions  in  sulphuric  acid,  in  which  water  produces 
a  brown  precipitate.  A  characteristic  property  of  deltapur- 
purine 7B,  which  is  actually  extracted  from  the  mixture,  is 
that  concentrated  acetic  acid  added  to  its  aqueous  solution 
produces  a  brownish  violet  precipitate  of  the  colouring  matter, 
which  is  therefore  also  given  by  a  concentrated  solution  of  the 
SB.  The  latter  dyes  cotton  a  somewhat  bluer  shade  than  benzo- 
purpurine B,  whilst  deltapurpurine  7B  produces  a  bluish  red. 

Benza&urine  67,  C34H24N4S2O10Na2,  is  prepared  from  dianisi- 
dine  and  1  : 4-naphtholsulphonic  acid  and  has  therefore  the 
following  constitution : 

C6H3(OCH3)N2C10H5(OH)SO3Na 

C6H3(OCH3)N2C10H6(OH)SO3Na" 

1  Sehultz,  Ber.  20,  3160. 
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It  comes  into  the  market  as  a  blue  black  powder,  and  forms  a 
bluish  violet  solution  in  water,  which  becomes  magenta  red  on 
the  addition  of  caustic  soda,  whilst  hydrochloric  acid  produces 
a  violet  precipitate.  It  dissolves  in  sulphuric  acid  with  a 
blue  colour,  a  bluish  violet  colouration  being  produced  by  the 
addition  of  water.  It  dyes  cotton,  silk,  and  wool  a  bluish 
violet  to  blue  shade,  and  is  employed  for  the  production  of 
indigo  shades,  a  little  chrysamine  being  added  to  the  bath  ; 
this  mixture  has  the  advantage  over  indigo  of  dyeing  cotton 
uniformly  and  not  rubbing  off. 

When  a  piece  of  cotton  dyed  with  benzazurine  G  is  boiled  for 
some  time  with  a  weak  solution  of  copper  sulphate,  a  copper 
compound  of  the  colouring  matter  is  formed,  which  is  of  a 
greener  shade  and  therefore  more  valuable.  This  is  also  the 
case  to  a  much  greater  extent  with  benzazurine.  3G,  prepared 
from  anisidine  and  the  so-called  Cleve's  a-naphtholsulphonic 
acid.  The  colour  is  in  this  case  so  greatly  improved  that 
it  can  scarcely  be  recognized  as  benzazurine  3G. 

In  the  same  manner  azo-violet,  prepared  from  anisidine, 
a-naphtholsulphonic  acid  and  a-naphthylaminesulphonic  acid, 
is  converted  into  a  blue  with  only  a  faint  violet  shade,  which  is 
not  reconverted  into  the  original  reddish  violet  by  soaping. 
The  violet  red  heliotrope  from  anisidine  and  /3-naphthylamine- 
sulphonic  acid  forms  a  fine  violet  compound  with  copper,  and 
in  fact  all  the  colours  of  this  nature  become  bluer  and  more 
stable  towards  soap. 

The  latter  effect  can  also  be  attained  by  the  use  of  zinc 
sulphate  or  nickel  sulphate,  without  an  accompanying  alteration 
of  the  shade.  Moreover,  the  colours  are  thus  rendered  abso- 
lutely fast  to  light  and  even  surpass  indigo  in  this  respect. 
Dyed  wool  is  altered  by  copper  sulphate  in  the  same  manner 
as  cotton,  and  at  the  same  time  becomes  faster  to  milling 
whilst  nickel  sulphate  makes  it  faster  to  soap.1 

Benzidine  Blue,  C32H18N4S4014Na4,  was  obtained  by  Schultz 
from  benzidine  and  /3-naphthol-a-disulphonic  acid.2  It  is  a 
powder  with  a  bronze  lustre,  and  forms  a  blue  solution  in  cold 
water,  which  on  boiling,  becomes  Bordeaux  red,  but  passes  back 
to  blue  on  cooling  ;  caustic  soda  solution  also  colours  it  Bordeaux 
red,  whilst  acetic  acid  produces  a  brownish-red  colouration,  and 
hydrochloric   acid  a   reddish-violet   flocculent   precipitate.      It 

1  Farbenfabr.  vorm.  Baeyer  and  Co.  ;  Schultz,  StcinkoMenthccr,  2   1258. 
s  Schultz,  Ber.  17,  461. 
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forms  a  blue  solution  in  sulphuric  acid,  from  which  water 
precipitates  it  as  a  violet  mass. 

If  anisidine  is  employed  instead  of  benzidine,  a  greenish  blue 
is  obtained.  If,  however,  only  one  molecule  of  the  disulphonic 
acid  be  allowed  to  act  on  a  molecule  of  the  tetrazo-compound, 
a  product  is  formed  which  still  contains  one  diazo  group  and  from 
which  a  series  of  reddish-blue  to  greenish-blue  dyes  can  be  pre- 
pared by  combination  with  naphthols,  or  their  sulphonic  acids.1 

Other  blue  colouring  matters  are  prepared  from  benzidine- 
sulphodisulphonic  acid,  and  secondary  or  tertiary  /3-naphthyl- 
amines  such  as  methyl-/3-naphthylamine  or  o-toly  1-/3- naph thy  1- 
amine,  which  give  a  redder  but  clearer  blue  than  phenyl-/3- 
naphthylamine,  whilst  that  obtained  from  xylyl-/3-naphthyl- 
amine  is  of  a  greener  shade.2 

Reddish-brown  and  brown  cotton  colours  are  obtained  by  com- 
bining the  diazo-compounds  prepared  from  the  sulphonic  acids 
of  the  naphthylamines,  of  benzidine,  &c,  with  phenylene  brown. 

Blade  cotton  colours  are  prepared  from  amidonaphtholsulphonic 
acid  and  benzidine,  tolidine,  or  dianisidine.  These  are  all  of  a 
red  shade,  but  since  they  contain  an  amido-group  they  can  be 
diazotized  on  the  fibre  and  then  converted  by  the  action  of 
phenols,  amidobases,  &c,  into  deep  blue  or  black  dyes.  If,  for 
example,  cotton  goods  dyed  with  diamine  black  prepared  from 
benzidine,  be  dipped  into  a  faintly  acid  sodium  nitrite  solution 
they  take  a  greenish-blue  colour.  If  they  are  then  washed  out 
and  brought  into  a  cold  alkaline  /3-naphthol  solution,  they  be- 
come deep  blue-black,  the  shade  being  more  than  twice  as  deep 
as  the  original  colour,  and  at  the  same  time  very  fast  towards 
acids  and  alkalis.  When  the  benzidine  is  replaced  by  dianisi- 
dine or  tolidine,  greener  shades  are  obtained.3 

Carbazoh-yellow,  C12H6(NH)[N2C6H4(OH)C02Na]!!,  is  prepared 
by  diazotizing  diamidocarbazole  sulphate  and  bringing  it  into  an 
alkaline  solution  of  salicylic  acid,  a  deep-red  solution  being 
formed  which  on  standing  becomes  yellowish-brown.  The 
liquid  is  boiled  and  salt  added,  which  precipitates  the 
colouring  matter  as  a  brown  crystalline  mass.  It  is  readily 
soluble  in  water,  dyes  cotton  a  full  golden-yellow,  and  imparts 
a  bright  yellow  colour  to  silk  and  wool,  which  is  fast  to  milling.4 

1  Farbenfabr.  vorm.  Baeyer  and  Co.  ;  Schultz,  Stcinkohlcnthcer,  2,  1072. 
5  Farbenfabr.  vorm.  Baeyer  and  Co.  ;  Ber.  23,  441  c. 

3  Farbenfabr.  vorm.  Baeyer  and  Co.  ;  Chem.  Zcit.  14,  1356. 

4  Bad.  Anilin-  and  Sodafabr.  ;  Bar.  22,  177  c- 
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2752  Fluorene,  C13H10.  This  name  was  given  by  Berthelot 
to  a  hydrocarbon  which  he  discovered  in  1867  in  crude 
anthracene  and  in  heavy  coal-tar  oil,  and  which  was  dis- 
tinguished by  its  magnificent  violet  fluorescence.1  Fittig  in 
1873  then  found  that  when  diphenyleneketone  is  heated  with 
zinc  dust,  the  corresponding  dijohenylenemethane  is  formed  : 2 


C6H4X  C6H4v 

I         >CO  +  2Zn  +  Zn(OH)2  =    |         }CH2  +  3ZnO. 

C6H/  c,h/ 


Grabe  moreover  found  that  it  is  also  formed  when  the  ketone 
is  heated  with  phosphorus  and  hydriodic  acid  at  130 — 140°,3 
and  when  the  vapour  of  diphenylmethane  is  passed  through  a 
red-hot  tube  : 4 

CH2<  =  CH2<  I  +  H2. 

\C6H5  \C6H4 

He  pointed  out  that  diphenylenemethane  is  very  similar  to 
fluorene,  which  had  been  more  closely  examined  by  Barbier,5 
and  Fittig  and  Schmitz  then  showed  that  the  two  are  identical.6 

Fluorene  is  also  obtained  by  heating  ellagic  acid,  CuH608, 
with  zinc  dust,7  and  in  a  very  pure  condition  by  heating 
o-diphenylenecarboxylic  acid  with  hydriodic  acid  and  phos- 
phorus.8 Adam  prepared  it  by  the  action  of  methylene  chloride 
on  a  mixture  of  diphenyl  and  aluminium  chloride.9 

1  Ann.  Chim  Phys.  IV.  12,  222. 

2  Bcr.  6,  187.  3  Bcr.  7,  1625. 

*  Annalen,  174,  194.  5  An*.  Chim.  Phys.  V.  7   479. 

6  Annalen,  193,  134. 

7  Barth  and  Goldschmidt,  Bcr.  H(  846. 

8  Graebe  and  Aubin,  Annalen,  247,  277. 

9  Ann.  Chim.  Phys.  VI.  15,  253. 
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In  order  to  isolate  fluorene  from  heavy  coal-tar  oil,  the  latter 
is  first  of  all  freed  from  phenanthrene  and  anthracene  by 
crystallization  and  the  portion  boiling  between  290  and  340° 
fractionated  about  six  times,  until  the  larger  part  passes 
over  at  300 — 320°.  On  strongly  cooling,  the  fluorene 
separates  out  and  is  well  pressed,  the  portion  boiling  at 
295 — 305°  isolated  by  fractional  distillation,  repeatedly  crys- 
tallized from  a  mixture  of  benzene  and  alcohol,  and  finally 
recrystallized  from  glacial  acetic  acid.  The  crude  fluorene  may 
also  be  dissolved  in  ether,  picric  acid  added  and  the  compound 
thus  obtained  decomposed  with  ammonia.  The  hydrocarbon 
purified  in  this  manner  shows  the  beautiful  fluorescence  already 
mentioned  (Barbier),  but  according  to  Fittig  and  Schmitz,  this 
is  due  to  an  impurity.  They  prepared  fluorene  by  distilling 
diphenyleneketone  over  zinc  dust,  a  red  substance  being  also 
formed  in  small  quantity  which  can  be  separated  from  the 
hydrocarbon  by  a  single  distillation.  The  fluorene  was  then 
purified  by  recrystallization  from  alcohol.  It  forms  colourless, 
lustrous  plates,  showing  only  a  faint  fluorescence,  like  that  of 
other  similar  hydrocarbons,  is  sparingly  soluble  in  cold,  readily  in 
hot  alcohol,  ether,  benzene,  and  carbon  disulphide.  It  melts  at 
113°,  boils  at  296°,  and  forms  a  vapour  of  the  sp.  gr.  Z'^ll} 
When  it  is  heated  with  40  parts  of  concentrated  hydriodic 
acid  to  275°,  it  is  converted  into  tridecane,  C13H2S,  boiling 
at  about  240°;  in  addition  some  hexane  and  heptane  are 
formed  (Barbier).  On  fusion  with  caustic  potash  it  yields 
e-diphenol. 

In  order  to  detect  fluorene  in  a  mixture  of  phenanthrene 
and  anthracene,  15  grms.  of  the  substance  are  boiled  with  90  grms. 
of  sulphuric  acid,  diluted  with  3  vols,  of  water,  and  60  grms.  of 
potassium  dichromate  for  6  hours  in  an  apparatus  provided 
with  a  reflux  condenser ;  the  oxidation  product  is  then  filtered 
off,  distilled  with  steam  and  the  distillate  allowed  to  crystallize 
slowly  from  alcohol,  by  which  means  diphenyleneketone  is 
obtained  in  compact  crystals,  which  can  be  readily  picked  out 
from  any  adhering  hydrocarbon.2 

Fluorene  picric  acid,  C13H10  +  C6H8(N02)30,  is  formed  when 
an  ethereal  solution  of  the  constituents  is  allowed  to  evaporate, 
and  crystallizes  according  to  Barbier  in  red  needles,  but  accord- 
ing to  Fittig  and  Schmitz  in  compact,  reddish-brown  prisms, 
which  melt  at  79 — 80°,  and  are  decomposed  by  boiling  with 
1  Knecht,  Ber.  10,  2074.  2  Anschiitz,  Ber.  11,  1216. 
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water  or  alcohol.  Grabe  and  Aubin,  on  the  other  hand,  ob- 
tained golden  yellow  needles,  of  the  same  melting  point. 

Fluorene  yyicryl  chloride  C13H10  +  C6H2(N02)3C1,  crystallizes 
from  an  alcoholic  solution  of  its  constituents  in  orange-yellow 
needles,  melting  at  69 — 70".1 

Octohydrofluorene,  C13H18,  is  formed,  together  with  the  follow- 
ing compound,  when  3'6  grms.  of  fluorene  are  heated  for  8  hours 
at  250 — 260°  with  3  grms.  of  red  phosphorus  and  9  grms.  of 
hydriodic  acid  of  sp.  gr.  T7,  and  is  a  liquid,  boiling  at  272 — 275°. 

Decahydrofiuorene,  C13H20,  boils  at  254 — 256°,  has  a  faint 
violet  fluorescence,  a  penetrating  odour,  resembling  that  of 
diphenylmethane,  and  solidifies  at  —  73°  to  a  white  crystalline 
mass.2 

Perhydroflum-cne,  C13H22,  is  obtained  by  heating  1  part  of 
fluorene  with  l'2o  parts  of  phosphorus  and  5 — 6  parts  of 
hydriodic  acid  of  sp.  gr.  17  for  12—16  hours  at  250—260°. 
It  is  a  liquid,  which  resembles  jierhydroacenapthene  and  boils 
at  230°.s 

Bichlorofluorene,  C13H8C12,  separates  out  when  dry  chlorine  is 
passed  into  a  solution  of  fluorene  in  chloroform ;  it  crystallizes 
in  tablets,  which  melt  at  128°,  and  sublime  without  decom- 
position.    Chromic  acid  oxidizes  it  to  dichlorophenyleneketone.4 

Trichloro fluorene,  C13H7C13,  was  obtained  by  Holm  by  passing 
chlorine  for  a  long  time  through  a  solution  of  fluorene  in  carbon 
disulphide.  It  crystallizes  in  small  white  plates,  is  sparingly 
soluble  in  alcohol  and  ether,  and  melts  at  147°. 5 

Bromofluorene,  C13H9Br,  is  formed,  together  with  the  following 
compound  when  bromine  is  carefully  added  to  a  cooled  solution 
of  fluorene  in  chloroform.  It  crystallizes  from  alcohol  in 
needles,  melting  at  101 — 102°,  is  very  soluble  in  chloroform, 
and  on  oxidation  yields  bromodiphenyleneketone  (Hodgkinson 
and  Matthews). 

Bromofluorene  dilrcmide,  C13H9Br3,  was  obtained  by  Barbier 
by  passing  a  mixture  of  bromine  vapour  and  air  into  a  cold 
solution  of  fluorene  in  carbon  disulphide.  It  crystallizes  from 
benzene  in  light  yellow,  strongly  lustrous  long  needles,  and 
is  converted  by  alcoholic  potash  into  the  following  compound. 

1  Liebermann  and  Palm,  Bcr.  8,  377. 

2  Guye,  Bull.  Soc.  Chim.  III.  4,  266. 

3  Liebermann  and  Spiegel,  Ber.  22,  779. 

4  Hodgkinson  and  Matthews,  Journ,  Chem.  Soc.  1883,  1   163. 
6  Ber.  16,  1081. 
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Dibromojluorene,  C13H8Br2,  is  formed,  according  to  Barbier 
when  the  calculated  quantity  of  bromine  is  added  to  a  solution 
of  fluorene  in  6  parts  of  carbon  disulphide,  the  latter  distilled 
off  and  the  residue  washed  with  ether  and  recrystallized  from 
carbon  disulphide.  He  thus  obtained  large,  transparent,  mono- 
symmetric  tablets,  which  were  measured  by  Bouchardat.  It 
melts  at  166 — 167°,  is  sparingly  soluble  in  alcohol,  can  be 
distilled  without  decomposition,  and  is  not  attacked  by  boiling 
alcoholic  potash,  but  decomposes  on  ignition  with  lime,  diphenyl 
being  formed. 

Fittig  and  Schmitz,  who  also  prepared  this  compound,  ob- 
tained it  in  the  form  of  small,  transparent,  colourless  tablets, 
which  melt  at  162 — 163°,  and  according  to  Arzruni,  are  also 
monosymmetric,  but  with  quite  a  different  axial  ratio.1 

By  recrystallizing  a  specimen  of  the  substance  prepared  by 
Barbier  from  carbon  disulphide  they  first  obtained  colourless 
tablets,  precisely  similar  to  those  obtained  by  themselves,  and 
then  a  single  yellow  crystal,  followed  by  a  further  crop  of  the 
colourless  substance. 

Lehmann  has  shown  that  dibromofiuorene  also  exists  in  two 
other  forms  and  is  tetramorphous,  since  both  the  forms  already 
described  are  converted  by  heating  into  the  ^-modification, 
which  is  also  formed  when  the  fused  substance  is  allowed  to 
cool,  and  is  readily  soluble  in  benzene.  On  cooling  this  solution 
a  portion  crystallizes  out  unaltered,  a  second  is  converted  into 
the  form  observed  by  Barbier,  and  a  third  separates  in  the  cold 
in  long  needles  of  the  8-modification,  which  are  readily  con- 
verted by  heating  into  the  stable  7-form.2 

Tribromofluorene,  C12H6Br2.CHBr,  was  obtained  by  Barbier  by 
adding  the  calculated  quantity  of  bromine  to  a  solution  of 
fluorene  in  carbon  disulphide.  Since  it  is  almost  as  soluble  in 
benzene  and  carbon  disulphide  as  dibromofluorene  it  can  only 
be  separated  from  the  latter,  which  is  simultaneously  formed,  by 
repeated  recrystallization.  It  forms  slender,  yellowish  needles, 
united  in  spherical  masses,  and  melts  at  161 — 162°.  Chromic 
acid  oxidizes  it  in  acetic  acid  solution  to  dibromophenyleneketone 
(Holm). 

p-Nitrqfluorene,  C13H9N02,  is  formed  when  nitric  acid  of 
sp.  gr.  1"4  is  added  to  a  cooled  solution  of  fluorene  in  glacial 
acetic  acid,  and  the  liquid  then  heated  to  boiling.     It  crys- 

1  Zeitschr.  Krystallogr.  1,  625. 
5  Zeitschr.  Krystallogr.  1,  626. 
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tallizes  in  yellowish  needles,  melts  at  154°,  and  is  oxidized  by 
chromium  trioxide  to  ^-nitrodiphenyleneketone.1 

Dinitrofluorcne,  C13H8(N02)2,  is  obtained  by  bringing  fluorene 
into  a  mixture  of  equal  volumes  of  fuming  nitric  acid  and  glacial 
acetic  acid.  It  crystallizes  from  hot  glacial  acetic  acid  in  colour- 
less needles,  and  from  boiling  alcohol,  in  which  it  is  only  very 
sparingly  soluble,  in  lustrous  pointed  needles,  melting  at 
199—201°  (Fittig  and  Schmitz). 

Amido fluorene,  C13H9.NH2,  was  prepared  by  Strassburger  by 
the  distillation  of  the  hydrochloride  of  p-amidodiphenic  acid 
with  lime,2  and  by  the  reduction  of  nitrofluorene  with  tin  and 
hydrochloric  acid.  It  crystallizes  from  alcohol  in  pale  grey 
needles,  and  melts  at  124 — 125.°  Its  hydrochloride  is  only 
sparingly  soluble  in  water,  and  its  acetyl  compound  melts  at 
187—188°. 

Diamidofluorene,  C13H8(NH2)2,  is  formed  by  the  reduction  of 
dinitrodiphenyleneketone  with  tin  and  hydrochloric  acid,  and, 
together  with  benzidine  when  diamidodiphenic  acid  is  distilled 
with  lime.  Diamidodiphenyleneketone  is  the  first  product  of 
the  reaction  : 


C6H3< 


,NH2 
^CO.OH 


C6H3 


/ 


CO.OH 


^NH. 


+  CaO  = 


C6H3< 


C6H3< 


,NH2 

\30    +  CaC03  +  H20. 


A  portion  of  the  substance  is  simultaneously  carbonized,  hydrogen 
being  evolved  which  exercises  a  reducing  action  : 


CflH,< 


C6H3< 


,NH, 


CO      +   4H    = 


CLHo 


,NH, 


CH2     +  H20. 

^H3  °6H3\nH2 


Diamidodifluorene  crystallizes  in  grey  or  brownish  needles, 
rapidly  becomes  bluish  in  the  air,  and  is  slightly  soluble  in  cold,' 
more  readily  in  boiling  water,  and  readily  in  alcohol.     On  heat- 


1  Strassburger,  Ber  17,  107. 


2  Bcr.  16,  2346. 
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ing  -with  a  solution  of  ethyl  nitrite  it  is  converted  into  fluorene. 
Its  sulphate  is  sparingly  soluble  in  water  and  crystallizes  in 
small  lustrous  plates.  Its  solution  gives  with  potassium  ferri- 
cyanide  a  blue  precipitate,  soluble  in  hot  water  and  acids; 
chlorine  water  or  bleaching  powder  solution  also  produce  a 
blue  precipitate,  which  soon  becomes  green  and  finally  reddish- 
brown. 

Diacetamidofuorene,  C13H8(NH.CO.CH3)2,  crystallizes  in  white 
lustrous  plates.1 

2753  Isomerides  of  fluorene  were  found  by  Carnelley  among 
the  products  formed  by  heating  a  mixture  of  benzene  and 
toluene  to  redness.  Since  he  considered  Berthelot's  fluorene 
to  be  different  from  Fittig  and  Schmitz's  diphenylenemethane, 
he  distinguished  his  hydrocarbons  as  <y  and  o.2 

iy-Dvphenylcnemethane  appears  also  to  occur  in  coal-tar,3  and 
crystallizes  from  alcohol  in  nacreous  plates  or  prismatic  needles, 
melts  at  118°,  boils  at  295°,  and  forms  a  picric  acid  compound, 
which  crystallizes  from  ether  in  blood-red  needles,  melting  at 
79—81°. 

<y-Diphenylenemethoquinone,  C13H802,  is  obtained  by  the 
oxidation  of  the  hydrocarbon  with  chromium  tri  oxide,  and 
crystallizes  from  alcohol  in  long  golden-yellow  needles,  which 
melt  at  280 — 281°,  but  sublime  at  a  lower  temperature. 

y-Dibromodiphcnylenemethanc,  C13H8Br2,  crystallizes  in  needles 
or  octohedra,  and  melts  at  162°. 

Z-Diphenylenemethane  forms  nacreous  tablets,  melting  at  208°. 
It  boils  at  320°  and  on  oxidation  yields  a  quinone,  which  is  a 
white  powder,  sublimes  in  needles,  and  at  288°  melts  to  a 
yellowish-green  liquid,  fluorescing  like  uranium  glass. 

A  third  isomeric  quinone  was  obtained  by  Barbier,  together 
with  diphenyleneketone,  by  the  oxidation  of  fluorene  in  small 
granular  yellow  masses,  melting  at  180 — 181°,  whilst  Fittig  and 
Schmitz  were  unable  to  obtain  any  trace  of  such  a  substance. 
It  was  probably  due  to  some  impurity. 

Sequoiene,  C13H10,  occurs,  together  with  a  terpene  and  other 
substances,  in  the  needles  of  the  Wellingtonia  of  our  gardens 
(Sequoia  gigantea),  which  have  such  a  characteristic  odour.  It 
is  a  crystalline  substance,  dissolves  readily  in  most  solvents,  but 
does  not  easily  crystallize  well.  It  is  obtained  in  small  plates 
when  a  layer  of  water  is  poured  on  to  its  solution  in  acetic 

1  Schultz,  Annalen,  203,  99.  2  Journ.  Chem,  Soc.  1880,  1,  708. 

3  Hodgkinson  and  Matthews,  Journ.  Chem.  Soc.  1883,  1,  163. 


476  FLUORENE  DERIVATIVES 

acid ;  these  show  a  faint  bluish  fluorescence,  melt  at  105°,  and 
in  the  pure  state  are  odourless.  It  boils  at  290 — 300°,  gives 
with  picric  acid  a  compound  crystallizing  in  red  needles,  and 
a  yellowish-red  nitro-product  with  nitric  acid.1 

2754  Fluorenyl  alcohol  or  Diphenylene  carbinol,  C12H8:CH.OH, 
is  formed  by  the  action  of  sodium  amalgam  on  an  alcoholic 
solution  of  diphenyleneketone,2  and  by  heating  diphenylene- 
glycollic  acid  to  160°  with  caustic  soda  solution.3  It  crystallizes 
from  boiling  water  in  hair-like  matted  needles,  and  is  soluble  in 
alcohol  and  ether,  more  readily  in  benzene,  from  which  it  crys- 
tallizes in  hexagonal  tablets,  with  a  vitreous  lustre,  containing 
benzene  of  crystallization  which  is  gradually  lost  in  the  air, 
rapidly  on  heating.4  It  melts  at  153°,  is  coloured  blue  by  con- 
centrated sulphuric  acid  and  is  reconverted  into  the  ketone  by 
oxidation.  When  it  is  heated  somewhat  strongly,  water  is  lost 
and  fluorenyl  ether,  (C13H9)20,  formed  as  a  resinous  mass. 

Fluorenyl  acetate,  C13H9.O.CO.CH3,  was  obtained  by  Barbier 
by  heating  the  alcohol  with  acetic  anhydride  at  100° ;  it  crys- 
tallizes from  a  mixture  of  ether  and  alcohol  in  rhombic  tablets, 
melting  at  75°. 

Fluor enylamine,  C12H8.CH.NH2,  is  formed  when  diphenylene- 
ketoxime,  C10H8:CNOH,  is  boiled  with  zinc  and  acetic  acid ;  its 
hydrochloride  crystallizes  from  dilute  alcohol  in  long  needles. 
The  free  base  is  insoluble  in  water,  and  melts  at  50 — 60°.5 

Diphenyleneketone,  C13HgO,  is  obtained  by  the  distillation  of 
diphenic  acid  with  lime  :  6 

CflH4.C02H  C6EU 

=       I         )CO  +  C02  +  H,0. 
C6H4.C02H  C6H/ 

It  is  also  formed  by  the  oxidation  of  fluorene  (Barbier).  In 
order  to  prepare  it,  equal  parts  of  diphenic  acid  and  quicklime 
are  heated  in  a  combustion  furnace  in  a  tube  bent  at  an  obtuse 
angle,  the  temperature  being  allowed  to  rise  very  slowly ;  a 
red  substance  is  also  formed,  which  remains  behind  on  distilling 
the  product  with  steam.  Since  however  the  ketone  is  only 
slightly  volatile,  it  is  better  to  purify  it  by  recrystallization  from 

1  Lunge  and  Reinkauler,  Ber.  13,  1656  ;  14   2202. 

2  Barbier,  loc.  cit.  ;  Bamberger  and  Hooker,  Annalen,  229    157. 

3  Friedlander,  Ber.  10,  534. 

4  Bamberger,  Beilstein's  Handb.  2    684. 
6  AVegerhoff,  Annalen,  252,  36. 

6  Fittig  and  Ostermayer,  Annalen,  166,  372. 
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a  mixture  of  equal  volumes  of  alcohol  and  water,  in  which  the 
red  substance  is  scarcely  soluble.1 

It  is  also  readily  obtained  by  passing  the  vapour  of  phen- 
anthrenequinone  over  heated  lead  oxide,2  or  by  boiling  it  for 
some  time  with  caustic  soda  solution  and  then  adding  potassium 
permanganate  to  oxidize  the  diphenyleneglycollic  acid,  C13HS 
(OH)C02H,  which  is  first  formed.3 

The  latter  is  insoluble  in  water,  and  sparingly  soluble  in 
dilute  alcohol,  from  which  it  crystallizes  in  small  yellow  needles, 
whilst  it  separates  from  alcohol,  in  which  it  is  readily  soluble 
in  light  yellow,  large,  transparent,  rhombic  tablets  or  thick 
prisms,  melting  at  83-5 — 84°.  It  boils  above  300°,  is  converted 
by  fused  potash  into  o-phenylbenzoic  acid  (p.  433)  and  on  heat- 
ing with  chromic  acid  is  completely  oxidized,  whilst  an  alkaline 
permanganate  solution  oxidizes  it  slowly  to  phthalic  acid. 

Dichlorodiphmyleneketone,  C13H6C120,  is  obtained  by  the 
oxidation  of  dichlorofluorene  with  chromium  trioxide  and  forms 
yellow  microscopic  crystals,  melting  at  158°. 

a-Broviodiphenylenehdone,  C13H7BrO,  was  prepared  in  a 
similar  manner  from  bromofluorene,  and  crystallizes  in  dark 
yellow  needles,  melting  at  104°  (Hodgkinson  and  Matthews). 

fi-JBromodiphenyleneketone  is  formed  by  the  distillation  of 
bromodiphenic  acid  with  slaked  lime,  and  crystallizes  from  hot 
alcohol  in  light  yellow  delicate  plates,  melts  at  122°,  and  on 
heating  with  zinc  dust  is  converted  into  fluorene.4 

a-Dibromodiphenyleneketone,  C13H6Br20,  is  obtained  by  adding 
the  calculated  quantity  of  chromium  trioxide  to  a  solution  of 
dibromofluorene  in  acetic  acid.  It  crystallizes  from  alcohol  in 
long,  yellow  needles,  and  melts  at  142-50.6 

fi-Dibromodiphenylcneketone  is  formed  when  a  small  excess  of 
chromium  trioxide  is  employed  and  by  the  oxidation  of  tri- 
bromofluorene.  It  also  crystallizes  in  yellow  needles,  melts  at 
197°,  and  on  heating  with  phosphorus  and  hydriodic  acid  is 
reconverted  into  dibromofluorene  (Holm,  Hodgkinson,  and 
Matthews). 

y-Dibromodiphenyleneketone  was  obtained  by  the  distillation  of 
dibromophenylbenzoic  acid  with  slaked   lime,    and  crystallizes 

3  Schmitz,  Annalen,  193,  115. 

2  Wittenberg  and.  Meyer,  Ber.  16,  502. 

3  Anschiitz  and  Japp,  Ber.  11,  211. 

4  Clans  and  Erler,  Ber.  19,  3155. 
»  Holm,  Ber.  16,  1081. 
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from  alcohol  in  light  yellow,  thin  plates,  melts  at  133°  and 
suhlimes  in  long,  thin,  wine-yellow  needles,  giving  rise  to  the 
pleasant  odour  of  unripe  oranges,  in  the  same  manner  as 
/3-bromodiphenyleneketone  (Claus  and  Erler). 

Nitrodiphenylenehetone,  C13H7(N02)0,  is  formed  when  di- 
phenyleneketone  is  added  in  small  quantities  to  fuming  nitric 
acid,  and  crystallizes  from  alcohol  in  yellow  needles  or  plates, 
which  melt  at  220°  and  readily  sublime.1 

Dinitrodiphenyleneketone,  C13H6(N02)20,  is  formed  when  the 
ketone  is  heated  with  fuming  nitric  acid,  by  the  oxidation  of 
dinitrofiuorene  or  dinitrophenyleneglycolic  acid  and  by  the 
action  of  concentrated  nitric  acid  on  fluorene  alcohol.  It  is 
slightly  soluble  in  boiling  alcohol,  and  crystallizes  from  glacial 
acetic  acid  in  long,  slender,  light-yellow  needles,  melting  at  290.° 
Tin  and  hydrochloric  acid  convert  it  into  diamidodiphenyleneketone, 
C13H6(NH2)0,  which  is  a  crystalline  substance  (Schultz). 

Diphenylenelcetoxime,  C12H8 :  C  =  NOH,  is  prepared  by  heat- 
ing an  alcoholic  solution  of  diphenyleneketone  with  hydroxy- 
lamine  hydrochloride  and  separates  from  alcohol  in  pale  yellov/ 
crystals,  melting  at  192°.2 

Its  sodium  salt,  C13HgNONa,  crystallizes  from  hot  concentrated 
caustic  soda  solution  in  elongated  light  yellow  plates,  readily 
soluble  in  water.  The  acetate,  C13H8NO.CO.CH3,  is  formed  by 
boiling  the  oxime  with  acetic  anhydride,  and  crystallizes  from 
dilute  alcohol  in  short,  broad  needles,  melting  at  76°,  whilst  the 
hcnzcate  forms  long,  narrow,  yellow  prisms,  and  melts  at  179°.3 

Diamidodiphenyleneketoxime,  C12H6(NH2)2NOH,  is  obtained 
by  heating  diamidodiphenyleneketone  with  a  solution  of  hydroxy - 
lamine  hydrochloride  and  sodium  carbonate.  It  is  an  orange- 
coloured  powder  which  forms  a  yellowish-brown  solution  in 
alcohol.  It  is  employed  for  the  manufacture  of  cotton  colours ; 
the  compounds  formed  with  salicylic  acid  are  yellow,  whilst 
those  given  by  the  naphthylamine  sulphonic  acids  are  amaranth- 
red.* 

Hydroxydiphenyleneketone,  C12H7(OH)CO,  is  prepared  by  heat- 
ing sodium  salicylate  with  phosphorus  oxychloride,5  and  together 
with  phenylsalicylic  acid,  by  heating  o-diazobenzoic  acid 
sulphate  with  phenol : 8 

1  Schultz,  AnnaUn,  203,  103.  s  Spiegler,  Monatsh.  Chan.  5,  195. 

3  Wegerhoff,  AnnaUn,  252,  36. 

4  Bad.  Anilin.  and  Sodafabr.  Ber.  23,  535  c. 

5  Kichter,  J.  Pr.  Chem.  II.  28,  294.  6  Griess,  Ber.  21,  981. 
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.CO.OH 


4\n=n.so,h 


C6H  /  +  C6H5.OH  = 


'i* 


C6H4s 


|        >CO  +  SO.H2  +  H20  +  N2. 
C6H^OH 

It  crystallizes  from  alcohol  in  white  needles,  melting  at  95°, 
readily  soluhle  in  alkalis.  On  ignition  with  lime  it  yields 
benzophenone,  diphenylene  dioxide,  carbon  dioxide,  and 
hydrogen,  whilst  on  heating  with  zinc-dust  it  is  reduced  to 
diphenyl.  Potassium  permanganate  and  chromic  acid  oxidize  it 
completely. 

JTexhydroxydijohenyleneketone,  C12H2(OH)6CO,  is  formed  when 
ellagic  acid  is  boiled  for  a  few  minutes  with  concentrated 
caustic  potash  solution.  It  crystallizes  from  boiling  water,  in 
which  it  is  only  slightly  soluble,  in  microscopic,  acicular  prisms, 
is  readily  soluble  in  alkali,  and  on  heating  with,  zinc-dust  is 
converted  into  fluorene.  When  a  trace  of  alcohol  is  added  to  its 
aqueous  solution,  it  is  first  coloured  yellowish-brown,  then, 
more  rapidly  on  shaking,  dark  yellowish-red,  and  finally  a  fiery 
carmine-red.  If  alkali  be  added  to  the  alcoholic  solution  a 
green  precipitate  is  produced,  which  forms  a  carmine-red  solution 
in  water.  Ferrous  salts  produce  a  blue  colouration  followed  by 
a  precipitate  of  the  same  colour,  whilst  ferric  chloride  colours 
dilute  solutions  bluish-green  and  gives  a  blue-black  precipitate, 
soluble  in  a  large  quantity  of  water,  in  more  concentrated 
solutions.  Sodium  carbonate  produces  in  these  solutions, 
according  to  the  concentration,  a  red  to  brown  colouration  or 
a  precipitate  of  the  same  colour.1 

Isodiphenyleneketone,  C13HgO,  is  formed  when  the  vapours  of 
phenol  and  carbon  disulphide  are  passed  over  red-hot  copper 
turnings : 

2C6H60  +  CS2  +  4Cu  =  C13H80  +  H20  +  2Cu2S  +  H2. 

It  crystallizes  from  alcohol  in  feathery  needles  or  plates,  melts 
at  83°  and  is  not  affected  either  by  an  acetic  acid  solution  of 
chromium  trioxide  or  fused  potash/ 


.  2 


1  Barth  and  Goldschmidt,  Ber.  12,  1247. 
a  Carnelley  and  Dunn,  Ber.  21,  2005. 
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Fluorenecarboxylic  Acids. 

2755  Fluorenic  acid,  or  m-Fluorenecarboxylic  acid,  C13H9.C02H, 
is  the  product  of  the  action  of  sodium  amalgam  on  m-diphenyl- 
eneketocarboxylic  acid  suspended  in  water,  the  liquid  being 
neutralized  with  hydrochloric  acid  at  intervals : 

C6H4\  C6H4\ 

I        )QO  +  4H  =    I        >CH2         +  H20. 

C6H3^CO.OH  C6H/-CO.OH 

It  is  scarcely  soluble  in  boiling  water,  readily  in  hot,  more 
sparingly  in  cold  alcohol,  and  separates  from  dilute  alcohol  in 
groups  of  small  crystals,  which  melt  at  245 — 246°,  and  sublime 
without  decomposition.  On  heating  with  lime  it  decomposes 
into  fluorene  and  carbon  dioxide;  potassium  dichromate  and 
dilute  sulphuric  acid  oxidize  it  completely  on  boiling,  whilst 
potassium  permanganate  in  alkaline  solution  oxidizes  it  to  the 
ketonic  acid. 

Calcium  fiuorenate,  2(C14H902)2Ca  +  5H20,  crystallizes  from 
hot  water,  in  delicate  white  needles. 

Barium  fiuorenate,  (CuH902)2Ba  +  3H20,  separates  from  a 
hot  dilute  solution  in  thin  plates,  which  show  splendid  inter- 
ference colours,  and  after  drying  look  like  small  silvery  fish 
scales. 

Ethyl  fiuorenate,  C14H902.C2H6,  forms  long  lustrous  prisms, 
melting  at  5&o°.x 

The  constitution  of  the  acid  follows  from  that  of  fluorene, 
and  is  expressed  by  the  following  formula : 

CH2  COOH. 


o-Muorenecarhoxylic  acid,  C12H7(CH2)C02H,  is  formed  by  the 
action  of  zinc  dust  and  dilute  acetic  acid  on  o-dichlorodiphenylene- 
carboxylic  chloride  : 

C6H4v  C6H4\ 

I       ;>CC12    +  4H  +  H20  =   I        >CH2  +  3HC1. 

C0H3^-COC1  C6H3^CO.OH 

1  Fittig  and  Liepmann,  Annalen,  200   13. 
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It  forms  crystals,  is  slightly  soluble  in  cold,  moderately  in  hot 
water,  readily  in  alcohol  and  ether,  and  melts  at  175°.  Its 
methyl  ester  forms  well-developed  transparent  crystals,  melting 
at  64°. 

It  has  the  following  constitution : 


CO.OH 


o-Fluorenehydroxycarboxylic  acid,  C12H7(CH.OH)C02H,  is 
formed  when  an  ammoniacal  solution  of  o-diphenyleneketo- 
carboxylic  acid  is  treated  with  zinc  dust.  It  is  scarcely  soluble 
in  cold,  moderately  in  hot  water  or  alcohol,  and  melts  at  203°. 
It  forms  a  green  solution  in  sulphuric  acid,  and  is  re- oxidized 
to  the  ketonic  acid  by  an  alkaline  solution  of  potassium  per- 
manganate. 

Dvphenyleneacetic  acid,  C14H10O2,  is  obtained  by  heating 
diphenyleneglycollic  acid  with  hydriodic  acid  and  red  phosphorus 
at  140° ;  it  forms  small  indistinct  crystals,  melts  at  220 — -222°, 
is  scarcely  soluble  in  water,  and  moderately  in  alcohol.  When 
it  is  heated  for  some  time  above  its  melting  point,  fluorene 
sublimes,  and  on  heating  with  soda  lime  it  decomposes 
quantitatively  into  carbon  dioxide  and  the  same  hydrocarbon 
Its  ethyl  ester  forms  hard  crystals,  melting  at  165°. 

Diphenyleneglycollic  acid,  2CuH10O3  +  H20,  is  prepared  by 
boiling  pkenanthrenequinone  with  concentrated  caustic  soda 
solution : 

C6H4.CO  C6H4V       .OH 

||         +  H20  =    |        >C( 
C6H4.CO  C6H/     \CO.OH 

It  is  only  very  slightly  soluble  in  cold,  readily  in  hot  water, 
from  which  it  crystallizes  in  lustrous  white  plates,  melting  at 
162°.  On  heating  with  sulphuric  acid  a  deep  blue  solution  is 
formed,  from  which  water  precipitates  Barbier's  fluorenyl  ether, 
a  substance  also  formed  by  heating  the  acid  above  its  melting 
point.  When  the  acid  is  heated  with  an  excess  of  caustic 
soda  solution  at  160°,  it  decomposes  into  carbon  dioxide  and 
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fluorenyl  alcohol,  whilst  chromic  acid  oxidizes  it  to  diphenylene- 
ketone. 

Ethyl  diphenyleneglycollate,  C12H8 :  C(OH)CO.OC2H5,  crystal- 
lizes from  dilute  alcohol  in  small  hard  prisms,  melting  at  92°. 

Dibromodiphenyleneglycollic  acid,  C12H6Br2 :  C(OH)C02H,  is 
produced  hy  the  addition  of  bromine  to  the  acid  suspended  in 
water,  and  crystallizes  from  glacial  acetic  acid  in  small  distorted 
needles,  melting  at  225°.  Its  ethyl  ester  forms  small  lustrous 
prisms,  melting  at  150 — 151".1 

Fluorenedicarboxylic  acid,  C13H8(C02H)2,  is  obtained  by  the 
action  of  sodium  amalgam  on  a  weak  alkaline  solution  of 
diphenyleneketonedicarboxylic  acid : 

C6H4\  C6H4\ 


>CO  ,    ,tt  _    |        /CH, 

C6H2f-CO.OH  +  4il  -  C6H£-CO."OH 


„  -.  .,...,.  +  4H  -  C6H^-CO.OH   +  H2°' 

\CO.OH  \CO.OH 


It  is  slightly  soluble  in  alcohol  and  ether,  more  readily  in 
glacial  acetic  acid,  from  which  it  separates  as  a  heavy  crystalline 
powder.  On  heating  with  lime  it  decomposes  into  carbon 
dioxide  and  fluorene. 

Its  silver  salt  is  a  heavy  white  precipitate,  which  decomposes 
on  heating,  a  sublimate  of  net-like  aggregates  of  needles,  probably 
consisting  of  fluorenyl  alcohol,  being  obtained.2 


DlPHENYLENEKETONECAEBOXYLIC   ACIDS. 

2756  m-Diphenyleneketonecarboxylic  acid,  C12H7(CO)C02H,  is 
formed  when  fluoranthrene  is  heated  with  dilute  sulphuric  acid 
and  potassium  dichromate  : 

can /CH>ch  +  60  =  i^CO.OH    +  H*°  +  co* 

It  is  scarcely  soluble  in  cold,  slightly  in  hot  water,  readily  in 
alcohol  and  ether,  and  crystallizes  from  dilute  alcohol  in  orange- 
red  needles,  often  an  inch  in  length,  melting  at  191 — 192°. 

1  Friedlander,  Ber.  10,  534. 

2  Bamberger  and  Hooker,  Annalen,  229,  161. 
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On  heating  with  zinc  dust  it  yields  fluorene,  and  on  dry 
distillation  decomposes  into  carbon  dioxide  and  diphenylene- 
ketone.  It  is  scarcely  attacked  by  potassium  dichromate  and 
sulphuric  acid,  whilst  water  and  sodium  amalgam  reduce  it  to 
fluorenic  acid,  and  fused  potash  converts  it  into  isodiphenic 
acid.     Its  constitution  is  expressed  by  the  following  formula: 


COOH 


The  calcium  salt,  (CUH703)2  Ga  +  2H20,  separates  on  evapor- 
ating its  solution  in  small  yellow  needles,  which  are  not  per- 
ceptibly more  soluble  in  hot  than  in  cold  water.  The  barium, 
salt,  (CuH703)2Ba  +  4H20,  crystallizes  from  a  hot  dilute  solution 
in  voluminous  aggregates  of  slender  silky  needles,  and  is 
sparingly  soluble  in  cold  water. 

Nitro-m-diphcnyleneketonecarboxylic  acid,  CuH7(N02)03,  is 
prepared  by  dissolving  the  acid  in  warm  fuming  nitric  acid. 
It  is  insoluble  in  water,  but  crystallizes  from  absolute  alcohol  in 
lustrous  golden  yellow  needles,  melting  at  245 — 246°.  Its 
barium  salt,  (CuH6N05)2Ba  +  4H20,  forms  very  sparingly  soluble 
pale  yellow  slender  needles.1 

o-Diphenylcnehetonecarboxylic  acid  is  obtained  by  heating 
diphenic  acid  with  sulphuric  acid  at  150° : 

C6H,.COOH  C6H4\ 

l6    4  =      |        >CO  +  H20. 

C6H4.COOH  C6H/-CO.OH 

It  crystallizes  from  alcohol  in  yellow  needles,  which  are  scarcely 
soluble  in  water,  melts  at  227°,  and  distils  at  a  higher  tempera- 
ture almost  without  decomposition.  If,  however,  its  vapour  be 
heated  to  450°,  it  splits  up  into  diphenyleneketone  and  carbon 
dioxide.  On  fusion  with  potash  it  yields  diphenic  acid,  and  is 
converted  by  hydriodic  acid  and  phosphorus  at  180°  into  pure 

fluorene. 

The  sodium  salt,  CMH703Na + 6H20,  crystallizes  from  hot  water 
in  yellow  needles ;  the  ammonium  salt,  CMH703(NH4)  +  H20, 

i  Fittig  and  Gebhard,  Annalen,   193,   149  ;  Fittig  and  Liepmann,  Annalcn 

200,  6. 
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forms  dark  yellow  needles ;  and  the  silver  salt  a  pale  yellow 

precipitate  somewhat  soluble  in  water : 

Melting-point. 
Methyl  ester,  C14H703(CH3),  yellow  needles   .    .    .    132° 
Ethyl  ester,  CuH703(C2H5),  golden  yellow  needles     103° 

o-Diphcnyhnekctonccarboxylic  chloride,  C12H7(CO)COCl,  is 
obtained  by  the  action  of  phosphorus  trichloride  on  the  acid, 
and  separates  from  light  petroleum  in  large  yellow  crystals, 
melting  at  128°.  It  is  only  slowly  attacked  by  water,  but 
quickly  by  alkalis,  and  is  converted  by  ammonia  into  the  amide. 

Dichlorodiphenylenehetonecarboxylic  chloride,  C12H7(CC12)C0C1, 
is  formed  by  heating  the  foregoing  compound  with  phosphorus 
pentachloride,  and  separates  from  light  petroleum  in  colourless 
crystals,  melting  at  95°.  From  its  alcoholic  solution  the  ester, 
C12H7(CCl2)CO.OC2H5,  separates  out  at  the  ordinary  temperature 
in  colourless  needles,  which  melt  at  73°,  but  on  boiling,  the  ester 
of  the  ketonic  acid  is  formed.  On  treatment  with  zinc  and 
dilute  acetic  acid,  the  trichloride  is  converted  into  fluorene-o- 
carboxylic  acid.1 

o-Diphenylenekctonecarboxylic  amide,  C12H7(CO)CO.NH2,  is 
obtained  by  the  action  of  ammonia  on  the  chloride,  or  by 
warming  diphenimide  or  phenanthrenequinonoxime  (p.  506)  with 
sulphuric  acid.  Its  formation  from  diphenimide,  which  corre- 
sponds to  diphenic  anhydride,  may  possibly  take  place  in  the 
following  manner : 

C6H4.COx  CLH..COOH 

|      '        >NH  +  S02(OH)2  =    | 
C6H4.CCK  C6H4.CO.NH.S02OH 

C6H4x  C6H4X 

|         >CO  +  H20  =  |        >CO         +  S02(OH)2 

C6H3^CO.NH.S02OH  '        C6H/-CO.NH2 

It  crystallizes  from  alcohol  in  slender  pale  yellow  needles,  con- 
taining 1  mol.  alcohol,  which  is  evolved  at  125° ;  it  melts  at  225°, 
but  commences  to  sublime  above  150°.  By  the  action  of  zinc 
on  its  acetic  acid  solution  it  is  converted  into  o-diphenylenehy- 
drolcarboxylic  amide,  C12H7(CH.OH)CONH2,  which  crystallizes 
from  hot  water  in  long  plates,  melts  at  206 — 210°,  sublimes  on 
strongly  heating,  and  dissolves  in  sulphuric  acid  with  a  green 

1  Graebe  and  Aubin,  Annalen,  247,  275. 
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colour.  On  warming  the  amide  with  alcoholic  ammonia  at 
150°  it  yields  the  imido-amide,  C12H7(C  :NH)CO.NH2,  which 
crystallizes  from  hot  water  in  microscopic  prisms,  and  melts  at 
220— 221".1 

o-Diphenyleneketoximccarboxylic  acid,  C12H7(C  :N.OH)COOH, 
is  obtained  by  boiling  the  sodium  salt  of  the  acid  with 
alcohol  and  hydroxylamine.  Water  precipitates  it  as  a 
crystalline  substance,  which  melts  at  263°,  and  decomposes  on 
more  strongly  heating.  It  dissolves  in  alkalis  and  alkaline 
carbonate  solutions  with  a  yellow  colour ;  on  addition  of  silver 
nitrate  to  a  solution  of  the  ammonium  salt,  the  silver  salt  is 
obtained  as  a  pale  yellow  crystalline  precipitate. 

o-Dvphenyleneketoximecarboxylic  amide,  C12H7(N.OH)CO.NH2, 
is  obtained  by  acting  on  the  amide  of  the  ketonic  acid  with  hy- 
droxylamine, and  forms  a  yellow  crystalline  powder,  which  is  very 
sparingly  soluble  in  alcohol,  and  melts  at  272°.  On  heating  with 
acetic  anhydride  it  forms  the  acetoi!e,C12H7(N:O.CO.CH3)CONH2, 
which  crystallizes  in  colourless  prisms,  and  melts  at  177 — 178° 
(Wegerhoff). 

o-Diphenylenehydrazonecarboxylic  acid,  C12H7(C  :  N2H.C6H6) 
COOH,  is  prepared  by  heating  the  ketonic  acid  with  phenyl- 
hydrazine.  It  crystallizes  from  alcohol  in  yellow  or  brownish- 
yellow  needles  or  prisms,  melts  at  205°,  and  decomposes  at  210°. 
It  is  reprecipitated  from  its  alkaline  solutions  by  acids.2 

c-Diphenylenekctoncdicarloxylic  acid  is  formed  from  diphenic 
acid  by  elimination  of  water.  The  latter  is  a  di-ortho-compound, 
and  its  constitution  may  be  represented  by  two  formulae ;  these 
must,  however,  be  regarded  as  identical,  in  order  to  explain  the 
formation  of  both  diphenyleneketone  and  of  diphenylene- 
ketonecarboxylic  acid  from  it : 3 


/\ 


COOH  I   /COOH 


CO 


CO. 


COOH 


COOH  COOH 


1  Wegerhoff,  AnnaUn,  252,  25. 
8  Graebe  and  Aubin,  AnnaUn,  247,  275. 
331 


3  Graebe,  Bar.  20,  848. 
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In  other  words,  it  is  assumed  that  the  two  benzene  residues  in 
diphenyl  and  its  derivatives  can  rotate  freely  around  the  common 
axis. 

p-Dvphenyleneketonccarboxylic  acid  is  formed,  together  with 
large  quantities  of  diphenyleneketone,  when  the  silver  salt  of 
diphenyleneketonedicarboxylic  acid  is  heated.  It  crystallizes 
from  alcohol,  in  which  it  is  sparingly  soluble,  in  slender  lustrous 
pale  yellow  needles,  which  sublime  on  heating  in  woolly  frond- 
shaped  aggregates.  It  is  also  obtained  in  lustrous  yellow  plates 
by  heating  the  dicarboxylic  acid.  On  warming  its  ammonium 
salt  with  hydroxylamine  hydrochloride  the  corresponding  oxime 
separates  out  in  pale  yellow  flakes.1  Its  constitution  is  not  yet 
finally  proved. 

Diphenyleneketonedicarboxylic  acid,  C12H6(CO)(COOH)2,  is 
prepared  by  the  oxidation  of  retenequinone,  or  of  hydroxyisor 
propyldiphenyleneketonecarboxylic  acid,  prepared  from  the  latter 
by  the  action  of  sulphuric  acid  and  potassium  dichromate  : 

C6H4\  C6H4X 

C6H2^COOH    PTT    +  80  =C6H2^COOH  +  2C02  +  3H2°- 
\C(OH)<^g:3  '      \COOH 

It  crystallizes  from  acetic  acid  in  sulphur  yellow  microscopic 
needles,  which  are  very  sparingly  soluble  in  alcohol,  and  still 
less  in  water.  On  heating  it  decomposes  without  melting  into 
carbon  dioxide  and  p-diphenyleneketonecarboxylic  acid,  and  on 
ignition  with  slacked  lime  yields  diphenyl : 

C12H6(CO)(C02H)2  +  H20  =  C12H10  +  3C02. 

The  silver  salt  is  a  heavy  yellow  precipitate.which  is  unalterable 
in  the  light,  and  on  heating  splits  up  into  carbon  dioxide, 
diphenyleneketone,  ^-diphenyleneketonecarboxylic  acid,  and 
silver.  On  addition  of  barium  chloride  to  a  concentrated 
solution  of  the  acid,  a  heavy  yellow  precipitate  is  obtained,  but 
if  the  solution  be  dilute,  sulphur  yellow  crystalline  nodules 
separate  after  some  time. 

The  ethyl  ester,  C16H606(C2H5)2,  crystallizes  from  alcohol  in  flat 

1  Bamberger  and  Hooker,  Annalen,  229,  138. 
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golden  yellow  needles  with  a  vitreous  lustre,  and  melts  at 
114-5°. 

Diphenyleneketoximedicarboxylic  acid,  C12H6(C :  N.OH)(C02H)2, 
separates  in  yellow  flakes  when  the  ammonium  salt  is  warmed 
with  hydroxylamine  hydrochloride.  It  remains  unaltered  at 
2S00.1 

2757  Ellagic  acid,  C14H608  +  2H20,  was  first  discovered  by 
Cbevreul,  together  with  gallic  acid,  in  a  gall-nut  extract  which 
had  been  prepared  some  time,  and  was  recognized  as  a  distinct 
compound  by  Braconnot.  Taylor  2  states  that  it  also  occurs  in 
the  oriental  "  Bezoars,"  whilst  Lipowitz  regarded  the  acid  con- 
tained in  the  latter  as  a  different  compound,  and  termed  it 
bezoaric  acid.  The  identity  of  the  two  compounds  was, 
however,  proved  by  Merklein  and  Wohler,  who  also  correctly 
determined  the  composition  of  the  substance.3  Wohler  wrote 
at  the  time  to  Liebig  as  follows : 

"Bezoaric  acid  is,  in  fact,  nothing  but  ellagic  acid.  The 
beasts  from  which  the  'bezoars'  are  obtained,  in  all  proba- 
bility eat  fodder  containing  tannic  or  gallic  acid,  from  which 
the  ellagic  acid  is  formed,  or  else  they  eat  plants  containing 
ellagic  acid  ready  formed,  and  are  unable  to  digest  it."  * 

According  to  Merklein  and  Wohler  the  substances  known  as 
"  bezoar,"  which  formerly  stood  in  high  repute  as  medicine,  may 
be  divided  into  three  groups  : 

1.  Those  which  consist  of  calcium  phosphate  and  ammonium 
magnesium  phosphate. 

2.  Those  which  contain  lithofellic  acid,  C20H36O4,  and  are 
the  gall-stones  of  a  Persian  antelope. 

3.  The  true  oriental  bezoars,  which  contain  ellagic  acid,  and 
consist  of  layers  arranged  concentrically  around  a  kernel,  the 
latter  consisting  usually  of  the  seed  of  a  leguminous  plant.6 
They  have  a  faint  pleasant  smell,  similar  to  that  of  ambergris 
or  musk.  These  were  previously  described  under  the  name 
Coaguhtm  Resinorum  Bezoarticum  by  Kiimpfer,  who  stated  that 
when  thrown  on  to  burning  coals  they  evolve  an  odour  similar 
to  rosin  or  incense.  Monardes  states  that  they  are  found  in  the 
intestines  of  a  Persian  wild  goat.6 

1  Annalen,  229,  151.  2  PMl-  Mag.  III.  28,  192. 

3  Annalen,  55,  129  ;  see  also  A.  Goebel,  Annalen,  83,  280. 

4  Liebig  and  "Wohler'a  Briefwechsel,  1,  253. 

*  See  also  Hankel,  Pogg.  Ann.  55,  481.  6  Taylor  loc.  cit. 
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Wohler  and  Merklein  suggested  that  it  would  be  most  suitable 
to  retain  the  name  bezoaric  acid  for  the  acid  ;  but  this  suggestion 
was  not  adopted,  as  it  might  have  caused  confusion  between 
ellagic  acid  and  lithofellic  acid,  which  was  also  known  as  bezoaric 
acid. 

Wohler 's  supposition  that  ellagic  acid  occurs  in  the  vegetable 
kingdom  was  confirmed  later.  Lowe  showed  its  presence  in 
"  divi-divi,"  the  seed-pods  of  Ocesalpinia  coriaria,  and  in  "  myro- 
balans,"  the  fruit  of  Terminalia  Chebuli,  both  of  which  are  used 
as  substitutes  for  gall-nuts,  and  contain,  in  addition,  ellagi- 
iannic  acid,  CuH10O10 ;  the  latter  on  heating  with  water  at  110° 
yields  ellagic  acid,1  and  Rembold  has  also  shown  that  the  tannic 
acid  of  the  root  of  the  pomegranate  decomposes  on  boiling  with 
dilute  acids -into  sugar  and  ellagic  acid.2  The  latter  also 
occurs  in  oak-bark,3  pine-bark  {Abies  excelsa)*  and  in  various 
other  plants. 

It  is  also  obtained  under  varying  conditions  from  gallic  acid 
and  digallic  acid  or  tannin.  Thus  it  is  always  formed  if,  in  the 
preparation  of  gallic  acid,  the  gall-nut  extract  be  allowed  to 
stand  in  the  air,  and  remains  behind  when  the  gallic  acid  is 
extracted  with  water.  It  is  further  formed  by  heating  gallic 
acid  with  arsenic  acid,5  or  with  iodine  and  water  at  92°,6  and  may 
be  prepared  in  large  quantity  by  warming  ethyl  gallate  with 
sodium  carbonate  solution.7  To  isolate  it  from  divi-divi,  the 
pounded  pods  are  extracted  with  cold  alcohol,  the  solution 
evaporated,  and  the  residue  poured  into  cold  water.  Crude 
ellagic  acid  is  thus  precipitated,  and  is  washed  with  cold  alcohol. 
The  aqueous  filtrate  is  evaporated,  and  the  ellagitannic  acid 
thus  converted  into  ellagic  acid  ;  on  treatment  with  hot  water 
the  latter  remains  behind,  and  is  digested  with  hot  alcohol 
to  remove  colouring  matters.  From  the  alcoholic  extract  of 
80  kilos,  of  divi-divi,  Barth  and  Goldschmiedt  obtained  250 
grams  of  ellagic  acid,  and  nearly  a  kilo,  from  the  aqueous 
solution  of  ellagitannic  acid.8 

It  may  be  more  simply  prepared  from  the  coarsely-powdered 
divi-divi,  separated  by  sifting  from  the  shells  and  kernels,  by 
digesting  it  for  a  few  days  with  water,  and  evaporating  the 

1  Fresenms  Zeitsehr.  14,  35.  2  Annalen,  143,  288. 

3  Etti,  Monatsh.  1,  262.  ■>  Stromer,  Monatsh.  2,  539. 

6  Lowe,  Zeitschr.  Chem.  1868,  603.  6  Griessmayer,  Annalen,  160,  65. 

7  Ernst  and  Zwenger,  Annalen,  159,  32  ;  Schiff,  Bcr.  12    1533. 
0  Ber.  11.  846. 
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solution  to  a  syrup  with  addition  of  sulphuric  acid  or  gall-nut 
extract.  The  syrup  is  treated  with  boiling  water,  and  the 
separated  acid  repeatedly  washed  with  water  and  alcohol.  In 
this  manner  Cobenzl  obtained  6 — 7  per  cent,  of  somewhat 
brownish-coloured  ellagic  acid.1 

It  is  a  light,  pale  yellow  powder,  consisting  of  microscopic 
transparent  prisms,  and  is  insoluble  in  ether,  scarcely  soluble 
in  water,  and  only  slightly  in  alcohol,  forming  a  pale  yellow 
solution  which  has  a  faintly  acid  reaction.  It  becomes  auhydrous 
at  120°,  but  takes  up  water  again  in  moist  air ;  if,  however, 
it  be  heated  to  200°  it  absorbs  moisture  very  slowly.  At  a 
higher  temperature  it  carbonizes  without  melting,  a  small 
portion  subliming  in  slender  sulphur-yellow  needles.  It  dis- 
solves in  caustic  potash,  forming  a  deep  yellow-coloured  solution, 
which,  on  remaining  in  the  air,  becomes  deep  yellowish-red  to 
blood-red,  and  then  deposits  potassium  glaucomelancde,  C12H4K207 
+  H20,  as  a  lustrous  black  powder.  This  has  a  tinge  of  blue, 
and  under  the  microscope  is  seen  to  consist  of  thin,  broad  trans- 
parent prisms,  which  have  a  deep  blue-black  colour.  On 
treatment  with  neutral  ferric  chloride  it  assumes  a  greenish 
colour,  which  becomes  first  greyish-green,  and  finally  forms  a 
blue-black  liquid  resembling  ink,  from  which  no  solid  is  deposited. 
On  mixing  it  with  sulphurous  acid  it  first  gelatinizes,  but  quickly 
liquefies  again,  and  becomes  decolorized,  especially  on  warming, 
with  separation  of  well-crystallized  ellagic  acid. 

Ellagic  acid  is  coloured  purple-red  by  nitrogen  trioxide 
(Merklein  and  Wohler),  and  if  it  be  treated  with  nitric  acid 
containing  nitrous  acid  forms  a  deep  blood-red  solution,  which, 
on  addition  of  water,  becomes  bright  red,  and  finally  yellow ; 
this  reaction  is  extremely  characteristic.2 

On  heating  with  zinc  dust,  ellagic  acid  is  reduced  to  fiuorene,3 
and  with  boiling  caustic  potash  solution  it  yields  hexhydroxy- 
diphenyleneketone  (p.  479) ;  fused  caustic  potash  converts  it  into 
/3-hexhydroxydiphenyl,  whilst  with  caustic  soda  a  mixture  of 
the  /3-  and  y-  hexhydroxydiphenyls  is  obtained.4  The  latter  is 
also  the  final  product  of  the  action  of  sodium  amalgam  on  its 
alkaline  solution  (Cobenzl). 

The  acid  forms  different  series  of  salts. 

Monosodium  ellagate,   CuH5Na08    +    H20,    is   obtained   by 

1  Monatsh.  1,  670.  2  Griessmayer,  Annalen,  160,  51. 

3  Barth  and  Goldschmiedt,  Ber.  11,  846. 
*  Barth  and  Goldschmiedt,  Ber.  12,  1237. 
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heating  ethyl  gallate  with  sodium  carbonate  solution  and  forms 
a  lemon-yellow  silky  crystalline  precipitate,  which  is  slightly 
soluble  in  boiling  water,  and  imparts  to  it  a  faintly  acid  re- 
action. The  water  of  crystallization  is  only  evolved  at  a  high 
temperature,  the  salt  then  becoming  dull  yellow. 

Disodium  ellagate,  C14H4Na208  +  H20,  was  prepared  by 
Merklein  and  Wohler  by  passing  a  current  of  carbon  dioxide 
into  a  solution  of  the  acid  in  caustic  soda.  It  is  a  deep  yellow 
crystalline  precipitate,  which  becomes  anhydrous  at  110°  (Barth 
and  Goldschmiedt). 

Dipotassium  ellagate,  CUH4K208,  is  obtained  in  a  similar 
manner,  and  after  drying  forms  a  greenish  or  pale  yellow  paper- 
like mass,  which  is  very  light  and  loosely  aggregated.  It  consists 
of  microscopic  transparent  prisms  often  united  to  fan-shaped 
aggregates,  and  separates  in  this  form  from  its  solution  in  hot 
water.  On  warming  its  saturated  solution  it  is  coloured  yellow 
and  becomes  anhydrous. 

Tripotassmm  ellagate,  C14H6K309,  is  formed  when  the  acid  is 
treated  with  alcoholic  potash,  and  is  a  lemon-yellow  powder, 
consisting  of  transparent  microscopic  prisms.  It  quickly  becomes 
greyish-black  in  the  air,  and  is  converted  into  a  mixture  of  the 
previous  salt  and  potassium  carbonate. 

Barium  ellagate,  (CuH509)2  Ba3,  is  prepared  by  pouring  baryta 
water  on  to  the  acid,  and  is  a  deep  yellow  powder,  which,  after 
drying  at  140°,  has  the  above  composition.  It  assumes  a  dark 
pistachio-green  colour  in  the  air,  and  simultaneously  absorbs 
carbon  dioxide. 

Tctracetylellagic  acid,  CuH2(C2H30)408,  was  obtained  by  Schiff 
by  heating  anhydrous  ellagic  acid  with  acetic  anhydride.  It 
also  forms  a  yellow  powder,  but  gives  no  coloration  with  ferric 
chloride.1  Barth  and  Goldschmiedt,  on  the  other  hand,  obtained  a 
compound,  having  approximately  the  composition  of  apentacetyl 
derivative,  by  the  action  of  acetic  anhydride  and  anhydrous 
sodium  acetate  on  the  acid. 

Ellagic  acid  is  a  derivative  of  diphenyleneketone,  and  is 
formed  by  the  oxidation  of  gallic  acid ;  its  constitution,  there- 
fore, probably  corresponds  to  that  of  digallic  acid  or  tannin,2 
and  may  be  represented  as  derived  from  the  latter  in  the 
following  manner : 

1  Annalen,  170,  75. 

-  See  also  Barth  and  Goldschmiedt,  Bet.  12,  1252. 
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H0>C  H  <0H  H§^C6<OH 

HO.CO.  p  w      o   >  +  °  ~     °  \         >+  2H20. 
HO>C6H2<OH  HO-)cfl<0 

Hx         OH 

It  is  now  prepared  on  the  manufacturing  scale  from  divi-divi, 
and  is  employed  as  a  pale  yellow  colouring-matter,  chiefly  in 
combination  with  other  dyes. 

Tetrahydroellagic  acid,  C14H10O8,  is  prepared  by  adding  potas- 
sium permanganate  to  a  cold  concentrated  solution  of  gallic 
acid,  containing  sulphuric  acid.  It  crystallizes  in  beautiful 
yellow  microscopic  needles,  and  is  very  sparingly  soluble  in 
water,  forming  a  yellow  solution,  but  dissolves  readily  in 
alcohol,  with  an  intense  yellowish-red  colour.  It  also  dissolves 
in  causti  cpotash  solution,  with  a  beautiful  green  colouration, 
which  speedily  changes  to  a  fine  blue  and  then  to  yellow ;  in 
absence  of  air,  however,  a  deep  red  solution  is  obtained,  which 
on  exposure  to  the  air  shows  the  above  changes  of  colour.1 

On  ignition  with  zinc  dust  it  is  converted  into  fluorene,2  and 
when  fused  with  caustic  potash  yields  an  isomeric  compound, 
which  is  very  sparingly  soluble  in  cold  water,  and  crystallizes 
from  the  hot  liquid  in  slender  greenish-yellow  microscopic 
needles,  the  solution  being  coloured  reddish-brown  by  ferric 
chloride.  On  addition  of  an  alkali  to  the  finely-divided  sub- 
stance suspended  in  water,  it  dissolves,  forming  an  olive-green 
solution,  which1  in  presence  of  air  and  excess  of  alkali  becomes 
carmine-red.  The  colour  is  so  intense  that  a  few  drops  impart 
a  distinctly  red  tinge  to  a  large  quantity  of  water  ;  it  is  unaltered 
by  carbon  dioxide,  but  changes  to  yellow  in  presence  of  the 
slightest  excess  of  a  mineral  acid,  and  is  therefore  well  suited 
for  an  indicator  in  alkalimetry.  The  carbonates  of  the  alkaline 
earths  also  cause  the  formation  of  the  red  colour,  and  it  can 
therefore  be  used  in  the  estimation  of  combined  carbonic  acid 
in  water,  and  of  permanent  hardness.3 

1  Oser  and  Flbgl,  Ber.  9,  135. 

2  Oser  and  Bocker,  Jahrcsb.  1879,  684. 

3  Oser  and  Ealmann,  Monatsh.  2,  50. 
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PHENANTHRENE  GROUP. 

2758  Phenanthrene,  C]4H10,  was  discovered  by  Fittig  and 
Ostermayer  in  a  "  neutral  tar-oil,  distilling  between  300°  and 
400°,"  which  was  obtained  as  a  by-product  in  the  preparation  of 
anthracene.1  They  gave  it  the  above  name  in  view  of  its 
isomerism  with  anthracene  and  close  relationship  to  diphenyl. 
It  is  also  a  constituent  of  crude  anthracene  2  and  of  "  stuppfett " 
(p.  357),  and  is  formed  together  with  other  hydrocarbons  when 
toluene  vapour  is  passed  through  a  red-hot  tube.3  It  may  also 
be  obtained  in  the  same  manner  from  dibenzyl,  C6H5.CH2.CH2. 
C6H5>  and  stilbene,  C6H5.CEtzCH.C6H5 :  * 

C6H6.CH       C6H4.CH 

II      =   I         II         +  H2 
C6H6.CH       C6H4.CH 

the   hydrogen   set   free   reduces  a  portion  of  the  dibenzyl  or 
stilbene  to  toluene. 

Phenanthrene  is  also  formed  in  a  similar  manner  from  a 
mixture  of  ethylene  and  diphenyl  vapour,5  and  also  by  acting  on 
coumaron  (Part  V.,  p.  247)  with  benzene  at  a  dark  red  heat:6 

C6H4.CH  C6H4.CH 

I         ||      +  C6H6  =|        ||      +  H20 
O CH  C6H4.CH 

or  when  morphine  is  heated  with  zinc  dust.7 

1  Annalen,  166,  361. 

2  Graebe,  Annalen,  167,  131  ;  Hayduck,  Annalen,  167,  177. 

3  Graebe,  Ber.  7,  48. 

4  Graebe,  Annalen,  167,  156. 

5  Barbier,  Ann.  Chim.  Phys.  V.  7,  532. 

6  Kramer  and  Spilker,  Ber.  23,  84. 

7  Geriehten  and  Schrotter,  Annalen,  210,  396. 
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In  order  to  prepare  it,  crude  anthracene  may  be  fractionated, 
and  the  portion  boiling  at  320 — 350°  boiled  with  a  large  quantity 
of  alcohol.  The  anthracene  which  separates  on  cooling  is  re- 
moved, the  alcohol  distilled  off,  and  the  residue  repeatedly 
crystallized  from  alcohol.1  A  better  method  is  to  take  the  crude 
phenanthrene  obtained  as  a  by-product  in  the  manufacture  of 
anthracene,  and  fractionate  repeatedly ;  the  portion  boiling  at 
339 — 342°  is  then  purified  by  crystallization.2 

Anthracene  is  more  readily  attacked  by  sulphuric  acid  and 
potassium  dichromate  than  phenanthrene  ;  hence  crude  anthra- 
quinone,  which  is  obtained  on  the  large  scale,  is  a  suitable 
material  for  the  preparation  of  phenanthrene,  the  anthraquinone 
being  removed  by  extraction  with  alcohol  and  the  residue  re- 
crystallized.  On  the  small  scale  the  pure  hydrocarbon  may  be 
readily  obtained  by  dissolving  crude  phenanthrene  in  alcohol  or 
coal-tar  naphtha,  adding  picric  acid,  and  decomposing  the  com- 
pound formed  with  ammonia.  In  all  these  cases  it  is  advisable 
to  treat  the  raw  material  first  with  caustic  soda  and  then  with 
sulphuric  acid,  to  remove  phenols  and  bases.3 

Phenanthrene  crystallizes  in  white  plates  or  tablets  with  a 
bluish  fluorescence,  melts  at  103°,*  boils  at  340°,  but  readily 
sublimes  at  a  lower  temperature.  Its  vapour  has  the  sp.  gr. 
6'29  (Graebe).  100  parts  of  95  per  cent,  alcohol  dissolve  2  parts 
of  phenanthrene  at  13 — 14°  (Graebe),  whilst  100  parts  of  abso- 
lute alcohol  dissolve  2'62  parts  at  16°,  and  10'08  parts  at  the 
boiling-point.6  It  also  dissolves  readily  in  ether,  carbon 
disulphide,  acetic  acid,  and  benzene.  100  parts  of  toluene 
dissolve  32'02  parts  at  16'5°,  and  at  100°  almost  any  proportion 
(Becchi). 

Fittig  and  Ostermayer  found  that  phenanthrene  is  converted 
by  oxidation  into  phenanthrenequinone  and  then  into  diphenic 
acid ;  the  latter  on  heating  with  lime  yields  diphenyleneketone, 
which  on  fusion  with  potash  yields  phenylbenzoic  acid ;  this  in 
turn  splits  up  on  distilling  with  quicklime  into  diphenyl  and 
carbon  dioxide.  Hence  they  proposed  the  following  formula 
for  phenanthrene  : 


1  Ostermayer,  Ber.  7,  10S9. 

2  Schmidt,  Ber.  12,  1159. 

3  Schultz,  Stcinkohlenthcer,  1,  214. 

4  Eeissert,  Ber.  23,  2243. 

5  Becchi,  Ber.  12,  1976. 
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CH 

HC      CH 

I         II 
HC       C 

\/\ 
C      CH 

I        II 
C     CH 

HC      C 

I        II 
HC      CH 

\/ 

CH 

Schultz  proved  this  formula  to  be  correct  in  the  following 
manner  :  Phenanthrene  passes  on  oxidation  into  diphenic  acid, 
which  may  also  be  obtained  from  m-nitrobenzoic  acid,  by  con- 
verting it  into  m-hydrazobenzoic  acid,  and  treating  the  latter 
with  hydrochloric  acid ;  it  then  passes  by  a  molecular  inter- 
change into  the  corresponding  diamidodiphenic  acid.  This  is 
converted  by  distillation  with  quicklime  into  benzidine,  which  is 
a  4 : 4'  derivative,  and  hence  the  diamido-acid  must  have  the 
formula 

NH, 


COOH 
COOH 


NIL 
On  replacing  the  amido-groups  by  hydrogen  the  same  diphenic 
acid  is  formed  as  is  obtained  by  the  oxidation  of  phenanthrene.1 
By  further  oxidation  with  alkaline  potassium  permanganate  it 
is  slowly  converted  into  phthalic  acid,  which  is  more  readily 
obtained  from  phenanthrenesulphonic  acid,  and  as  no  trace  of 
the  isomeric  phthalic  acids  is  formed,  this  is  a  further  confirma- 
tion of  the  above  formula.2  The  same  may  be  said  with  regard 
to  its  formation  from  coumaron,  which  occurs  in  large  quantity  in 
coal-tar,  and  will  be  subsequently  described. 

1  Annalen,  203,  95.  2  Anschutz  and  Japp,  Ber.  H,  211. 
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At  present  the  only  practical  application  of  phenanthrene  is 
for  the  preparation  of  lampblack.  According  to  Schultz  it  is 
very  suitable  for  obtaining  casts  of  models  -which  can  withstand 
a  temperature  of  120°,  and  may  well  replace  sulphur  for  this 
purpose.  In  order  to  prevent  its  solidifying  in  large  crystals, 
burnt  gypsum  should  be  previously  added  to  the  melted  mass.1 

Phenanthrene  picric  acid,  C14H10  +  C6H3(N02)30,  separates 
in  slender  needles  on  mixing  cold  saturated  solutions  of  the  con- 
stituents, and  crystallizes  from  hot  alcohol  or  benzene  in  long 
golden-yellow  prisms,  melting  at  145°  (Graebe). 

Phenanthrene  picryl  chloride,  CUH10  +  C6H2(N02)3C1,  crys- 
tallizes in  lemon-yellow  needles,2  and  melts  at  88°.  Phen- 
anthrene likewise  combines  with  chloro-m-dinitrobenzene  to 
form  a  compound  which  crystallizes  in  long  orange-red  needles, 
and  melts  at  44°.3 

Tetrahydrophenanthrena,  C14H14,  is  prepared  by  heating  phen- 
anthrene with  phosphorus  and  hydriodic  acid  at  210 — 240°,  and 
is  a  liquid  boiling  at  about  310°,  and  possessing  a  peculiar  faint 
smell.  It  solidifies  on  cooling  to  a  crystalline  mass,  melting  at  0°. 
When  heated  with  more  phosphorus  above  240°,  it  yields  octo- 
hydrophenanthrene,  C14H18,  which  boils  below  300°.4 

Perhydrcphenanthrene,  C14H24,  is  obtained  by  heating  1  part 
of  phenanthrene  with  1*25  parts  of  phosphorus  and  5 — 6  parts 
of  hydriodic  acid  (sp.  gr.  17)  to  250"  for  12—16  hours.  It  is  a 
liquid  which  boils  at  270 — 275°,  and  solidifies  in  a  freezing 
mixture  to  a  crystalline  mass,  melting  at  —  3°.6 

Phenanthrene  dibromide,  C14H10Br2,  is  formed  when  bromine 
is  added  drop  by  drop  to  a  solution  of  phenanthrene  in  ether  or 
carbon  disulphide,  and  crystallizes  in  flat  four-sided  prisms, 
which  quickly  decompose  on  keeping.  On  heating  alone  or 
with  water  it  is  converted  into  bromophenanthrene  and  hydrogen 
bromide,  whilst  alcoholic  potash  or  potassium  cyanide  simply 
eliminate  the  bromine,  reforming  phenanthrene.6  It  has  the 
following  constitution  (see  bromophenanthrene) : 

C6H4.CHBr 

C6H4.CHBr. 

i  Steinkohlcnthecr,  1,  215.  2  Liebermann  and  Palm,  Bcr.  8,  377. 

s  Willgerodt,  Bcr.  11,  601. 

«  Graebe,  Bcr.  8,  1054  ;  Annalen,  167,  153.  6  Lucas,  Bcr.  22,  779. 

»  Fittigand  Ostermayer,  Annalen,  166,  363  ;  Hayduck,  Annalen,  167,  180  ; 
Anschiitz,  Ber.  11,  1217. 
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Halogen  Derivatives  of  Phenanthrene. 

2759  When  chlorine  is  passed  into  a  solution  of  phenanthrene 
in  acetic  acid  the  chief  product  is  dichlorophenanthrene  tetra- 
chloride ;  smaller  quantities  of  chloro-  and  dichlorophenanthrene 
are  simultaneously  formed,  and  may  with  difficulty  be  separated 
by  repeated  solution  in  acetic  acid,  and  fractional  precipitation 
with  water.1 

Ghlorophenanthrene,  CUH9C1,  is  an  oily  liquid  which  carbonizes 
on  heating. 

Dichlorophenanthrene,  C14H8C12,  is  obtained  in  tough  white 
flakes,  which  readily  melt  to  an  oily  liquid  and  carbonize  above 
100°. 

Dichlorophenanthrene  tetrachloride,  C14H8C16,  crystallizes  in 
long  colourless  spear-shaped  needles,  readily  soluble  in  alcohol, 
ether,  &c,  melts  at  145°,  and  on  boiling  with  alcoholic  potash 
yields  the  following  compound. 

Tetrachlorophenanthrene,  CUH6C14,  is  also  obtained  by  heating 
phenanthrene  with  iodine  trichloride  at  100 — 110°,  but  is  most 
simply  prepared  by  allowing  antimony  pentachloride  to  drop  on 
to  powdered  phenanthrene.  It  crystallizes  from  benzene  in 
short  needles,  which  are  scarcely  soluble  in  alcohol,  melts  at 
171 — 172°,  and  sublimes  with  slight  carbonization  in  thin 
yellowish  spear-shaped  needles.  Like  the  higher  substitution 
products  it  is  not  attacked  by  boiling  alcoholic  potash. 

Sexchlorophcnanthrene,  C14H4C16,  is  prepared  by  heating 
phenanthrene  with  antimony  pentachloride  at  120 — 140°, 
and  sublimes  in  feathery  aggregates  of  needles,  which  melt  at 
249—250°. 

Octochlorophcnanthrene,  C14H2C18,  obtained  in  a  similar 
manner  at  180 — 200°,  forms  granular  crystals,  melts  at  270 — 
280°,  and  sublimes  in  needles.  On  heating  with  antimony  penta- 
chloride to  its  melting  point,  it  yields  tetrachloromethane  and 
hexchlorobenzene  without  forming  perchlorodiphenyl.2 

Bromophenanthrene,  C14H9Br,  was  prepared  by  Hayduck  by 
heating  the  dibromide  on  the  water-bath  ;  it  crystallizes  from 
alcohol  in  thin  white  prisms,  melts  at  63°,  readily  sublimes, 
and  boils  above  360°.     It  is  oxidized  by  chromium  trioxide  in 

1  Zetter,  Ber.  H,  164. 

2  Ruoff,  Ber.  9,  1490  ;  Zetter,  Bcr.  H,  169  ;  Mere  and  Weith,  Bcr.  12,  677. 
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acetic  acid  solution  to  phenanthrenequinone,  and  has  therefore 
the  following  constitution  : * 

CLH..CH 

I         II 
C6H4.CBr. 

a-Dihromophenanthrcne,  CuH8Br2,  separates  from  an  ethereal 
solution  of  1  mol.  phenanthrene  and  4  mols.  bromine  on  long- 
continued  standing  in  small  delicate  needles,  which  are  very 
soluble  in  alcohol,  and  crystallize  from  it  in  long  colourless 
spear-shaped  needles.  It  melts  at  146 — 148°,  and  readily  sub- 
limes in  yellowish  fascicular  aggregates  of  needles. 

/3-Dibromophenanthrene,  C14H8Br2,  separates  out  on  evaporat- 
ing the  mother  liquor  from  the  a-compound.  It  crystallizes 
in  plates,  which  melt  at  158°  but  do  not  sublime.  Both 
compounds  are  unacted  upon  by  boiling  alcoholic  potash 
(Zetter). 

Tribromophenanthrene,  CuH7Br3,  is  formed  by  heating  phen- 
anthrene with  bromine,  and  crystallizes  in  slender  silky  needles 
melts  at  126°,  and  readily  sublimes. 

Tctrabromophenanthrene,  C14H6Br4,  is  obtained  by  heating 
the  hydrocarbon  with  the  necessary  quantity  of  bromine  at 
200 — 210° ;  it  separates  from  acetic  acid  in  granular  crystals, 
which  are  almost  insoluble  in  alcohol  and  ether,  melts  at 
183 — 185",  and  sublimes  in  feathery  aggregates  of  needles. 

Hexbromophenanthrene,  C14H4Br6,  sublimes  in  snow-white 
needles,  which  unite,  forming  druses  or  feathery  aggregates. 

ITeptabromophenanthrene,  CuH3Br7,  can  only  be  obtained  by 
heating  phenanthrene  with  bromine  and  a  large  quantity  of 
iodine  at  360°  or  higher ;  it  sublimes  in  small  yellow  needles, 
melting  above  270°,  and  is  not  attacked  by  bromine  even  at  400° 
(Zetter). 

Niteo-Derivatives  of  Phenanthrene. 

2760  By  the  action  of  moderately  concentrated  nitric  acid  on 
phenanthrene,  three  mono-nitro-compounds  are  formed.  These 
are  best  prepared  by  adding  1  part  of  nitric  acid  of  sp.  gr.  135 
to  1  part  of  phenanthrene,  which  is  mixed  with  35  parts  of 
coarse  sand  to  facilitate  the  action  of  the  acid,  as  the  mass  soon 
becomes  thick  and  pasty.  It  is  well  kneaded  from  time  to 
1  Anschiitz,  Bar.  11,  1217. 
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time  until  it  becomes  friable,  then  washed  with  water  and 
sodium  carbonate  solution,  and  extracted  repeatedly  with  boil- 
ing alcohol.  The  product  obtained  from  the  extract  can  be 
separated  into  its  constituents  by  repeated  fractional  crystalliza- 
tion from  alcohol,  ether,  acetic  acid,  and  benzene.1 

a-Nitrophenanthrene,  C14H9N02,  is  the  chief  product,  and 
crystallizes  in  straw-yellow  fascicular  aggregates  of  needles, 
which  melt  at  73—75°. 

fi-Nitrophenanthrene  is  more  sparingly  soluble  in  ether,  and 
also  forms  straw-yellow  needles,  melting  at  126 — 127°. 

ry-Nitrophcnanthrene  crystallizes  from  alcohol  in  lustrous 
yellow  plates,  melts  at  170 — 171°,  and  is  more  sparingly  soluble 
in  alcohol  and  ether  than  its  isomerides. 

Dinitrophenanthrene,  CuH8(N02)2,  is  obtained  by  heating 
phenanthrene  with  concentrated  nitric  acid  at  100°,  and  separates 
from  acetic  acid  in  yellow  crystals,  melting  at  150 — 160° 
(Graebe). 

Nitrolromophenanthrene,  C14H8Br.N02,  was  prepared  by 
Anschiitz  by  warming  an  acetic  acid  solution  of  bromophenan- 
threne  with  nitric  acid.  It  crystallizes  from  carbon  disulphide  in 
yellow  transparent  slender  prisms,  or,  on  slow  evaporation,  in  well- 
developed  compact  crystals,  which  melt  at  195 — 196°,  and  sub- 
lime in  beautiful  long  spear-shaped  needles. 


Amido-Derivatives  of  Phenanthrene. 

2761  These  were  obtained  by  Schmidt  by  the  reduction  of 
the  nitro-compounds  with  tin  and  hydrochloric  acid  or  am- 
monium sulphide. 

a-Amidophenanthrene,  CuHg.NH2,  crystallizes  from  dilute 
alcohol  in  yellowish  faintly  lustrous  plates  ;  its  hydrochloride 
is  a  granular  precipitate,  sparingly  soluble  in  water,  which 
decomposes  in  the  air,  becoming  brown,  whilst  the  sulphate, 
which  forms  a  powder  sparingly  soluble  in  water  and  alcohol,  is 
much  more  stable. 

ft-Amidophenanthrene  crystallizes  also  in  lustrous  plates ;  its 
granular  hydrochloride  is  sparingly  soluble  in  water  and  fairly 
stable. 

y-Amidophenanthrene  resembles  its  isomerides,  and  forms  a 
1  Schmidt,  Ber.  12,  1153. 
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stable  hydrochloride,  which  crystallizes  from  alcohol  containing 
hydrochloric  acid  in  small  yellow  lustrous  scales. 


Sulphonic  Acids  of  Phenantheene. 

2762  a-Phenanthrenesulphonic  acid,  C14H9S03H,  is  formed  when 
phenanthrene  is  heated  with  an  equal  weight  of  sulphuric  acid 
at  100°,  and  remains  on  evaporation  of  its  aqueous  solution  as 
a  crystalline  mass,  more  soluble  in  hot  than  in  cold  water.  The 
calcium  salt,  (CuH9S03)2Ca  +  4H20,  crystallizes  from  hot  water 
in  small  tablets.  The  lead  and  barium  salts  form  indistinct 
crystals,  and  are  scarcely  more  soluble  in  hot  than  in  cold  water.1 

A  small  quantity  of  an  isomeric  acid  is  formed  in  the  above 
reaction,  the  calcium  salt  of  which  is  very  soluble  in  water.2 

(B-Phenanthrenesulphonic  acid  is  obtained  by  heating  phenan- 
threne with  sulphuric  acid  at  180 — 190°.  It  crystallizes  in  white 
nacreous  needles,  and  is  readily  soluble  in  water ;  its  salts,  how- 
ever, are  less  soluble  than  those  of  the  a-acid.  The  potassium 
salt,  C14H9S03K,  forms  lustrous  tablets,  and  the  barium  salt, 
(CuH9S03)2Ba  +  3H20,  crystallizes  in  scales.3 

Phenanthrenedisulphonic  acid,  C14H8(S03H)2,  is  formed  when 
phenanthrene  is  added  with  vigorous  shaking  to  four  parts  of 
commercial  pyrosulphuric  acid,  and  the  mixture  heated  for  some 
time  on  the  water-bath.  It  is  a  brownish-yellow  syrup,  and  has 
a  very  sour  and  bitter  taste.  The  salts  are  readily  soluble  in 
water,  but  insoluble  in  alcohol.4 

Hydeoxy-Derivatives  of  Phenanthrene. 

2763  Hydroxyphenanthrenc  or  Phenanthrol,  C14H9.OH,  is  pre- 
pared by  fusing  a-phenanthrenesulphonic  acid  with  potash,  and 
crystallizes  from  a  mixture  of  benzene  and  light  petroleum  in 
beautiful  plates,  which  have  a  blue  fluorescence,  are  readily 
soluble  in  alcohol  and  ether,  melt  at  112°,  and  become  red  or 
brown  on  exposure  to  the  air.  It  forms  well-crystallized  com- 
pounds with  alkalis. 

Phenanthryl  acetate,  C14H9O.CO.CH3,  is  obtained  by  heating 

1  Graebe,  Annalen,  167,  152. 

2  Japp,  Journ.  Chem.  Soc.  1880,  1,  83. 

3  Morton  and  Geyer,  Am.  Chem.  Journ.  1880,  203. 

4  Fischer,  Ber.  13,  314. 
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phenanthrol  with  acetic  anhydride,  and  crystallizes  from  alcohol 
in  beautiful  lustrous  plates,  melting  at  117 — II80.1 

Bihydroxyphenanthrene  or  Phenanthrenequinol,  CuH8(OH)„ 
was  obtained  by  Graebe  by  subjecting  phenanthrenequinone  to 
the  action  of  an  alcoholic  solution  of  sulphur  dioxide,  which 
gradually  dissolves  it.  On  addition  of  water  the  colourless  quinol 
separates  out ;  it  may  be  obtained  more  quickly  by  warming, 
and  is  also  rapidly  formed  by  exposing  a  solution  of  the  quinone 
in  aqueous  ether  to  sunlight.2 

2CUH802  +  (C2H6)20  =  2CuH8(OH)2  +  2C2H40. 

It  crystallizes  in  colourless  needles  or  prisms,  which  are  fairly 
soluble  in  water,  and  readily  in  alcohol,  ether,  and  benzene.  In 
the  dry  state  it  is  moderately  stable,  but  when  freshly  precipitated 
from  alcoholic  solution  rapidly  absorbs  oxygen,  and  on  evaporat- 
ing its  solutions  it  is  partially  converted  into  the  quinhydrone 
described  below.  This  is  also  readily  obtained  by  evaporating 
its  alkaline  solution  in  the  air. 

Acetophenanthrenequinol,  CuH8(OH)O.CO.CH3,  is  formed  by 
a  remarkable  reaction  when  a  mixture  of  acetaldehyde  and 
phenanthrenequinone  is  exposed  to  sunlight.  The  mixture 
becomes  dark,  and  the  acetyl  compound  commences  to  separate 
before  the  whole  of  the  quinone  has  dissolved.  Its  formation 
proceeds  equally  quickly  if  the  light  be  previously  passed 
through  a  solution  of  cupriammonium  chloride,  but  is  con- 
siderably retarded  if  this  be  replaced  by  one  of  potassium 
dichromate.  It  crystallizes  from  a  mixture  of  benzene  and 
chloroform  in  white  lustrous  flat  needles,  becomes  yellow  at 
140°,  and  melts  at  168 — 170°.  On  warming  with  dilute  caustic 
soda  solution  it  is  resolved  into  acetic  acid  and  the  quinol,  the 
latter  quickly  undergoing  further  oxidation.3 

Biacetophenanthrenequinol,  C14H8(O.CO.CH3)2,  is  obtained  by 
heating  the  quinol  with  acetic  anhydride  at  140 — 150°,  and 
crystallizes  in  colourless  tablets,  which  melt  at  202°,  and  sublime 
with  difficulty.  It  is  insoluble  in  water,  sparingly  soluble  in 
alcohol  or  ether,  readily  in  hot  benzene.  On  heating  with 
caustic  potash  solution  it  is  hydrolyzed  with  difficulty,  and  is 
unaltered    by    boiling    with    sulphuric    acid    and     potassium 

1  Eehs,  Ber.  10,  1252.  2  Klinger,  Bcr.  19,  1869. 

3  Annalen,  249,  137. 
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dichromate  ;  on  heating  its  acetic  acid  solution  with  chromium 
trioxide  it  reforms  the  quinone  (Graebe). 

Valcrophcnanthrenequinol,  C14H8(OH)(O.CO.C4H9),  was  pre- 
pared by  Klinger  by  exposing  a  mixture  of  the  quinone  and 
valeraldehyde  to  the  sunlight.  It  forms  flat  white  needles, 
melts  at  149°,  and  is  sparingly  soluble  in  alcohol,  ether,  and  cold 
benzene. 

Benzojphenanthrenequinol,  C14H8(OH)(O.CO.C6H6),  is  obtained 
in  a  similar  manner,  and  crystallizes  in  matted  aggregates  of 
elastic  white  needles,  which  when  seen  in  quantity  resemble 
cotton  wool.     It  melts  at  177 — 178°. 

p-Amidophenanthrenequinol,  C14H7(NH2)(OH)2,  is  prepared  by 
the  long-continued  boiling  of  nitrophenanthrenequinone  with 
tin  and  hydrochloric  acid,  amidophenanthrenequinone  being 
formed  as  an  intermediate  product.  Its  hydrochloride  crystallizes 
in  white  needles. 

p-Biamidophenanthrenequinol,  C14H6(NH2)2(OH)2,  is  formed  in 
a  similar  manner  from  dinitrophenanthrenequinone.1  Its 
hydrochloride,  G14H6(NH3C1)2(0H)2  +  3H20,  crystallizes  in  long 
lustrous  needles,  which  on  treatment  with  caustic  potash 
solution  first  become  green,  then  bluish -violet,  and  finally 
black.  If  the  dilute  alcoholic  solution  be  shaken  with  ether  and 
a  little  ammonia,  it  assumes  a  beautiful  blue  colour.  The 
hydrochloride,  when  heated  with  acetic  anhydride  and  sodium 
acetate,  yields  the  compound  C14H6(NH.CO.CH3)2(O.CO.CH3)2, 
which  crystallizes  in  slender  colourless  needles,  very  sparingly 
soluble  id  alcohol  and  acetic  acid,  and  does  not  melt  at  300°.2 


Phenanthrenequinone  or  Diphentlenediketone. 

2764  This  compound  is  formed  by  warming  phenanthrene 
with  potassium  dichromate  and  dilute  sulphuric  acid,  or  by 
treating  it  with  chromium  trioxide  in  acetic  acid  solution  : 3 

C6H4.CH  C6H4.CO 

I        ||         +  30  =      I         I         +  H20. 
C6H4.CH  C6H4.CO 

1  Anschiitz  and  Meyer,  Ber.  18,  1942. 

2  Kleemann  and  "Wense,  Ber.  18,  2168. 

3  Fittig  and  Ostermayer,  Annalen,  166,  365  ;  Graebe,  Annalen,  167,  139 ; 
Hayduck,  Annalen,  167,  183. 
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It  is  best  prepared  on  the  small  scale  by  dissolving 
phenanthrene  in  4 — 5  parts  of  warm  acetic  acid,  and  gradually 
adding  a  solution  of  2'2  parts  of  chromium  trioxide  in  5—6 
parts  of  hot  acetic  acid  in  such  a  manner  as  to  keep  the  whole 
nearly  at  the  boiling  point.  It  is  then  boiled  for  some  time  in 
connection  with  a  reflux  condenser,  after  which  the  acetic  acid 
is  distilled  off,  and  the  residue  mixed  with  water.  The  pre- 
cipitated quinone  is  washed  with  water  and  warmed  with  a 
solution  of  sodium  bisulphite,  the  quinone  going  into  solution 
and  leaving  unaltered  phenanthrene  behind.  The  filtrate  is 
precipitated  with  hydrochloric  acid,  and  the  washed  precipitate 
recrystallized  from  alcohol,  acetic  acid  or  benzene  (Graebe). 

On  the  large  scale  a  mixture  of  05  litre  of  sulphuric  acid, 
1"5  litres  of  water,  and  300  grams  of  potassium  dichromate  is 
warmed  in  a  porcelain  dish,  100  grams  of  crude  phenanthrene 
added,  the  whole  well  stirred,  and  the  flame  removed  to 
moderate  the  reaction.  It  is  then  again  gently  warmed,  another 
300  grams  of  powdered  potassium  dichromate  gradually  added, 
and  the  boiling  continued  till  the  product  has  become  granular  ; 
it  is  then  filtered  on  a  linen  filter,  and  well  washed.  After 
drying  it  is  finely  powdered  and  treated  with  strong  sulphuric 
acid  to  remove  organic  chromium  compounds  and  acridine  ;  the 
next  day  water  is  added,  the  mixture  warmed  and  filtered,  the 
residue  washed  with  water  and  dilute  soda  solution  to  remove 
diphenic  acid,  &c,  washed  again  with  water,  dried,  and  extracted 
with  ether  or  benzene,  which  removes  diphenyleneketone  and 
phenanthrene.  The  insoluble  portion  is  then  treated  with 
sodium  bisulphite  solution,  in  which  anthraquinone  is  insoluble. 
The  phenanthrenequinone  is  precipitated  from  the  filtrate  with 
a  solution  of  potassium  dichromate  in  dilute  sulphuric  acid,  to 
avoid  reduction  by  the  sulphur  dioxide  evolved,  and  the  pre- 
cipitate recrystallized  from  dilute  acetic  acid.1 

Phenanthrenequinone  crystallizes  in  long  lustrous  orange- 
coloured  needles,  which  are  mostly  united  to  fascicular 
aggregates.  It  melts  at  198°  (Fittig),  sublimes  on  heating  in 
orange-red  tablets,  and  boils  above  360°.  It  is  very  slightly 
soluble  in  boiling  water,  sparingly  in  cold  alcohol,  but  readily  in 
hot  alcohol,  acetic  acid,  and  benzene. 

Phenanthrenequinone  forms  additive  compounds  with  differ- 
ent  chlorides  and  cyanides,  such  as  CuH802  +  ZnCl2,  which 

1  Anschiitz  and  Schultz,  Annalen,  196,  37. 
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crystallizes  in  dark  red  needles,  and  does  not  melt  even  above 
300°;  the  compound  with  mercuric  chloride,  CuH802  +  HgCl2, 
forms  red  oblique  prisms,  and  melts  at  222 — 223°.  The  com- 
pound, CuH802  -|-  Hg(CN)2,  melts  at  the  same  temperature, 
and  likewise  forms  red  crystals.  The  quinone  does  not  combine 
with  oxy-salts.1 

Its  conversion  into  diphenic  acid,  diphenyleneketone,  dipheny- 
leneglycollic  acid,  &c,  has  already  been  described.  On  heating 
it  with  antimony  pentachloride  at  360°  it  yields  perchlorodi- 
phenyl,  together  with  a  little  hexchlorobenzene,1  and  on  ignition 
with  soda-lime,2  splits  up  into  diphenyl,  carbon  dioxide,  and 
hydrogen  (Anschutz  and  Schultz)  : 

C14H802  +  4NaOH  =  C12H6  +  2Na2C03  +  H2. 

Its  solution  in  alcoholic  potash  phosphoresces  with  a  pure 
white  light  when  shaken  in  the  dark,  oxidation  to  diphenic 
acid  taking  place ;  if,  however,  a  drop  of  aqueous  caustic  potash 
be  added  to  its  hot  alcoholic  solution  a  dark  red  or  almost  black 
colouration  is  produced,3  which  disappears  on  shaking  in  the  air, 
a  reaction  very  characteristic  of  orthodiketones.4  It  dissolves 
in  sulphuric  acid  with  a  dark  green  colour,  and  is  reprecipitated 
by  water. 

Laubenheimer  found  that  a  bluish-green  colouration  is  formed 
when  5cc.  of  a  ^  per  cent,  solution  of  phenanthrene  in  acetic 
acid  are  mixed  with  lcc.  of  toluene,  and  4cc.  sulphuric  acid 
carefully  added  with  constant  cooling  and  shaking.  If  the 
mixture  be  poured  into  water  after  a  few  minutes,  and  the 
solution  shaken  with  ether,  the  latter  assumes  an  intense  violet 
colour.  The  reaction  is  so  delicate  that  it  may  be  observed 
with  even  a  single  drop  of  the  acetic  acid  solution.  On  evaporat- 
ing the  ether  the  colouring  matter  remains  behind  as  a  black 
mass.5 

The  colouration  is  not  formed,  however,  if  pure  toluene  be 
employed,  but  only  when  the  latter  contains  methylthiophen, 
C4H3(CH3)S.6  The  pure  colouring-matter,  C19H12SO,  forms  a 
deep  blue  powder,  which  on  subjection  to  pressure  assumes  a 
cupreous  lustre,  and  dissolves  in  alcohol,  benzene,  &c,  forming 

1  Japp  and  Turner,  Proc.  Chem.  Soc.  1889,  160. 

2  Merz  and  Weith,  Ber.  16,  2869.  3  Bamberger,  Ber.  18,  865,  1932. 
4  V.  Meyer,  Ber.  16,  1624,  2970.  '  Lachowicz,  Ber.  16,  332. 

6  Ber.  8,  224. 
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beautiful  violet  solutions.  On  heating  with  zinc  dust  it  yields 
phenanthrene,  but  on  ignition  with  lead  chromate  yields,  instead 
of  phenanthrenequinone,  the  isomeric  anthraquinone. 


,COx 


CBH/         XH4.i 


Phenanthrenequinone-sodium-lisulphite, 

.CO 

CA<p/OH  +  2HA 

O<0.S02Na 

separates  from  a  concentrated  solution  in  plates,  which  are 
partially  decomposed  by  acids  and  completely  by  alkalis  with 
separation  of  the  quinone.  Potassium  bisulphite  forms  a  similar 
compound  (Graebe). 

Phenanthrenequinhydronc,  C14H802+C14H8(OH)2,  was  pre- 
pared by  Graebe  by  boiling  phenanthrenequinol  with  water  in 
presence  of  air.  It  is,  however,  most  readily  prepared  by  boiling 
the  solution  of  the  quinone  and  sulphurous  acid  with  hydrochloric 
acid  for  a  short  time,  and  separates  out  on  cooling  in  long  lustrous 
black  needles,  which  pass  into  the  quinone  on  boiling  with 
alcohol,2  or  even  on  long-continued  boiling  with  water. 

Dibromophenanthrenequinone,  CuII6Br202,  is  prepared  by  heat- 
ing phenanthrenequinone  with  bromine  and  a  little  water  at 
180°,  and  is  readily  soluble  in  xylene,  less  easily  in  alcohol  and 
acetic  acid,  from  which  it  crystallizes  in  yellow  nodular  aggregates, 
melting  at  203°. 

p-Nitrophenanthrenequinone,  C14H7(N02)02,  is  obtained  by 
boiling  the  quinone  with  a  mixture  of  fuming  nitric  acid  and 
acid  of  sp.  gr.  1*4  ;  it  crystallizes  from  acetic  acid  in  lustrous 
golden  plates,  which  melt  at  257°,  and  are  almost  insoluble  in 
alcohol.3     On  oxidation  it  yields  j>-nitrodiphenic  acid. 

Three  other  nitrophenanthrenequinones  were  obtained  by 
Schmidt  by  oxidizing  the  three  nitrophenanthrenes  with 
chromium  trioxide  in  acetic  acid  solution.  A  fourth  was  pre- 
pared by  Lachowicz  by  warming  with  nitric  acid  the 
chlorophenanthrone  described  below.4 

1  Odernheimer,  Ber.  17,  1338. 

2  Liebermann  and  Jaoobsen,  Annalen,  211,  69. 

8  Anschutz  and  Schultz,  Ber.  9,  1404.  *  J.  Pr.  Chem.  II.  28,  172. 
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Melting-point. 
a-Nitrophenanthrenequinone,  orange-yellow  plates  215 — 220° 

/S  „  „  „  orange-yellow     flat 

needles 260—266° 

7  „  „  „  orange-yellow    long 

needles 263° 

B  „  „  „  orange-yellow  plates  281 — 282° 

p-Dinitrophenanthreneqtoinone,  C14Hfs(NO,)202,  is  prepared  by 
boiling  the  quinone  with  a  mixture  of  sulphuric  and  fuming 
nitric  acids,  and  crystallizes  from  acetic  acid  in  silky  yellow 
plates,  which  melt  at  294°.  *  On  oxidation  it  yields  a-dinitro- 
diphenic  acid. 

An  isomeric  compound  is  formed  together  with  the  foregoing, 
which  could  not  be  obtained  pure,  but  yields  /3-dinitrodiphenic 
acid  on  oxidation  (Schultz). 

p-Amidophenanthrenequinone,  CuH7(NH2)02,  is  obtained  by 
boiling  nitrophenanthrenequinone  for  not  too  long  a  time  with 
tin  and  hydrochloric  acid,  and  crystallizes  in  violet-black  needles, 
which  dissolve  readily  in  alcohol,  and  sparingly  in  water, 
forming  a  reddish-violet  solution.  Its  hydrochloride  forms 
yellowish-red  feathery  aggregates  of  needles,  and  is  completely 
dissociated  by  water. 

p-Diamidophenanthrenequinone,  C14H6(NH2)202,  crystallizes  in 
small  violet-black  needles,  which  do  not  melt  at  310° ;  its 
hydrochloride  forms  yellow  plates,  which  are  likewise  decom- 
posed by  water  with  separation  of  the  diamidoquinone. 

p-Hydroxyphenanthrenequinone,  CuH7(OH)02,  is  obtained  from 
the  amido-compound  by  means  of  the  diazo-reaction,  and 
crystallizes  in  slender  brownish-red  needles,  which  sublime  on 
careful  heating,  and  dissolve  in  aqueous  caustic  soda  with  a 
yellowish-green  colour. 

p-Acetoxyphenanthrenequinone,  C14H7(O.CO.CH3)02,  is  formed 
by  heating  the  foregoing  compound  with  acetic  anhydride, 
and  crystallizes  from  alcohol  in  small  reddish-yellow  needles.2 

a-Hydroxyphenanthrenequinone,  CuH7(OH)02,  is  obtained  by 
the  oxidation  of  phenanthryl  acetate,  and  sublimes  in  long  yellow- 
ish-red needles ;  it  dissolves  in  alkalis  with  a  dark  red  colour.3 

1  Graebe,  Annalen,  167,  144  ;  Schultz,  Annalen,  203,  107  ;  Strassburger, 
Ber.  16,  2346. 

2  Ansehtitz  and  Meyer,  Ber.  18,  1942. 

3  Simienski,  Ber.  18,  1943. 
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p-Dihydroxyphcnanthrcnequinone,  C14H6(OH)202,  forms  micro- 
scopic transparent  brownish-black  needles  ;  its  acetate,  CUH6 
(O.CO.CH3)202,  crystallizes  from  alcohol  in  beautiful  yellowish- 
red  needles  (Anschiitz  and  Meyer). 

.00 

Diehlorokctoplienanthrene  or  Dichlorophenanihrone,  C12H8<^  |      , 

is  obtained  by  the  action  of  phosphorus  pentachloride  on  phen- 
anthrenequinone,  and  crystallizes  from  chloroform  in  pale 
yellow  rhombic  prisms,  which  are  sparingly  soluble  in  alcohol, 
and  melt  at  165°.  Its  solution  in  alcoholic  potash  phos- 
phoresces like  that  of  phenanthrenequinone,  into  which  it  is 
indeed  thus  converted.  When  warmed  with  acetic  acid,  and  a 
little  iron  powder  added,  it  is  converted  into  chlorophenanthrone, 
CUH9C10,  which  crystallizes  in  large  yellowish  prisms,  and  melts 
at  122 — 123°.  By  the  further  action  of  iron  on  its  acetic  acid 
solution  it  is  converted  into  jphenanthrone,  C14H10O,  which 
crystallizes  in  lustrous  brownish-red  tablets,  melts  at  148 — 149°, 
is  readily  soluble  in  alcohol,  and  also  in  alkalis  with  a  green 
colour.1 

Phenanthrenequinonimide,  CuH9NO,  is  prepared  by  treating 
the  quinone  in  alcoholic  solution  with  ammonia  : 

C6H4.CO  C6H4.CO 

I         |       +NH3=    |         |  +H20. 

C6H4.CO  C6H4.C=NH 

It  crystallizes  in  yellow  elastic  needles,  melting  at  158 — 159°, 
and  is  reconverted  into  the  quinone  by  warming  with  alcohol  or 
acids.2 

/CO 
Phenanthrenequinonoxime,  C^Hgy   |  ,  is    formed    by 

XC : NOH 
bringing  together  phenanthrenequinone  and  an  alcoholic 
solution  of  hydroxylamine  hydrochloride  in  the  cold,  or  more 
quickly  on  heating.3  It  crystallizes  in  golden  yellow  fascicular 
aggregates  of  needles,  melts  at  158°,  and  dissolves  in  sulphuric 
acid  with  a  blood-red  colour,  the  solution  being  reprecipitated 
by  water.  It  dissolves  in  hot  caustic  soda  solution  with  a  green 
colour,  and  on  cooling  the  sodium  salt  separates  out  in  greenish 

1  Lachowicz,  Ber.  16,  330  ;  J.  Pr.  Chan.  II.  28,  168. 

2  Anschiitz  and  Sehultz,  Annahn,  196,  51  ;  Zincke,  Ber.  12    1624. 

3  Goldschmidt,  Ber.  16,  2176  ;  Auwers  and  Meyer,  Ber.  22,  1985. 
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shimmering  plates.  Like  other  orthoquinonoximes  it  is  a 
colouring-matter  (p.  227),  and  dyes  green  with  iron  mordants.1 
Its  conversion  into  the  isomeric  diphenimide  has  already  been 
described  (p.  451). 

C :  N.OH 

Phenanthreneqidnonedioxime,    C10H8<^  |  ,  is  prepared 

"  XC:N.OH 
by  the  continued  warming  of  phenanthrenequinone  with  an 
excess  of  hydroxylamine  hydrochloride.  It  crystallizes  from  a 
large  quantity  of  hot  alcohol  or  acetic  acid  in  yellow  microscopic 
prisms,  which  melt  with  decomposition  at  202°,  and  dissolve  in 
sulphuric  acid  with  a  blood-red  colour.  Its  sparingly  soluble 
sodium  salt  crystallizes  in  nacreous  plates.  If  it  be  treated 
with  acetic  anhydride  and  acetic  acid,  and  hydrogen  chloride 
passed  in  to  the  cooled  mixture,  a  red  solution  is  formed  from 
which  glittering  yellow  oblique  microscopic  crystals  of  the 
diacetate,  CuH8(N.O.CO.CH3)2,  quickly  separate  out. 

On  heating  the  dioxime  with  absolute  alcohol  at  150°,  or  by 
heating  the  monoxime  with  hydroxylamine  hydrochloride, 
alcohol,     and     a    little     hydrochloric     acid,    the     anhydride, 

C=NX 
^12^8  \   |  yO,  is  formed  ;  it  crystallizes  in  slender  reddish- 

yellow  needles,  melts  at  182 — 183°,  is  insoluble  in  alkalis,  and 
gives  no  colouration  with  sulphuric  acid. 

Phenanthrenequinonehydrazone,  C14H8(N2H.C6Hs)0,  is  pre- 
pared by  heating  the  quinone  with  phenylhydrazine  hydro- 
chloride ;  it  separates  in  broad,  pale-yellow,  lustrous  needles  or 
plates,  is  sparingly  soluble  in  hot  alcohol,  melts  at  165°,  and 
dissolves  in  sulphuric  acid  with  a  violet  colour.2 


Methanthrene,  C15H12. 

2765  This  hydrocarbon  was  obtained  by  Oudemans  by  distil- 
ling podocarpic  acid  over  red-hot  zinc  dust;  it  crystallizes  in  white 
plates  having  a  violet  fluorescence,  melts  at  117°,  boils  above 
360°,  is  readily  soluble  in  boiling  alcohol,  and  still  more  easily 
in  acetic  acid.  Even  at  its  melting-point  it  sublimes,  evolving  a 
peculiar  unpleasant  smell,  resembling  that  of  molten  asphalte. 
With  picric  acid  it  forms  the  compound  C15H12  +  C6H3(N02)30, 

1  Eostanecki,  Ber.  22,  1349.  2  Zincke,  Ber.  16,  1563. 
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which,  crystallizes  in  slender  orange-coloured  needles,  and  melts 
at  117°. 

Mcihanthraquincne,  C16H10O2,  is  readily  prepared  by  adding 
chromium  trioxide  to  the  warm  acetic  acid  solution  of  methan- 
threne,  and  is  a  yellow  powder  consisting  of  rhombic  plates  ;  it 
melts  at  187°,  and  is  readily  soluble  in  alcohol  with  a  reddish- 
yellow  colour. 

Podocarpic  acid,  C17H2203,  is  the  chief  constituent  of  the 
resin  of  Pcdocarpus  cvpressina,  one  of  the  Javan  forest  trees, 
and  is  found  as  a  crystalline  separation  in  the  stems  of  the  old 
trees.  This  is  dissolved  in  alcohol,  the  solution  precipitated 
with  water,  and  the  acid  purified  by  converting  it  into  the 
sodium  salt,  and  decomposing  the  latter  with  hydrochloric  acid. 

Podocarpic  acid  is  insoluble  in  water,  but  readily  soluble  in 
alcohol,  ether,  and  acetic  acid  ;  it  crystallizes  in  dextro-rotatory 
rhombic  tablets  or  prisms,  melts  at  187 — 188°,  and  on  further 
heating  slowly  volatilizes,  evolving  a  peculiar  aromatic  smell. 
It  decomposes  only  at  a  much  higher  temperature,  and  yields 
as  chief  product  a  thick  oily  distillate. 

The  salts  are  difficult  to  obtain  pure  and  of  constant  compo- 
sition, with  the  exception  of  the  following : 

Sodium  podocarpate,  C]7H21Na03  +  7H20,  crystallizes  in 
beautiful  white  lustrous  needles,  and  is  readily  soluble  in  water. 

Ethyl  podocarpate,  C17H21(C2H5)03,  is  formed  by  heating  the 
silver  salt  with  ethyl  iodide,  and  crystallizes  from  alcohol  in 
slender  needles,  melting  at  143 — 146°. 

Acetylpodocarpic  acid,  C16H20(O.CO.CH3)CO.OH,  is  formed 
by  warming  the  acid  with  acetyl  chloride,  and  crystallizes  in 
small  needles. 

Nitropodocarpic  acid,  C17H21(N02)03,  is  obtained  by  the 
action  of  dilute  nitric  acid  on  the  acid ;  it  forms  small  yellow 
lustrous  crystals,  melting  at  205°. 

Dinitropodocarpic  acid,  C17H20(NO2)3O3,  is  formed  together 
with  the  foregoing  compound,  and  is  readily  obtained  pure  by 
warming  the  sulphonic  acid  with  nitric  acid.  It  forms  pale 
yellow  crystals,  resembling  those  of  potassiun  ferrocyanide, 
and  melts  at  203°. 

Both  nitro-acids  contain  two  hydrogen  atoms  readily  re- 
placeable by  metals,  yielding  beautiful,  red,  well-crystallized 
salts. 

Sulphopodocarpic  acid,  C17H21(S03H)03,  is  prepared  by  gently 
warming  the  acid  with  sulphuric  acid,  and  remains  on  evapor- 
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ating  the  aqueous  solution  as  a  wax-like  mass.  It  forms  two 
series  of  salts,  which  crystallize  well. 

Especially  remarkable  is  its  susceptibility  to  nitric  acid ;  thus 
if  a  milligram  be  dissolved  in  3 — 4cc.  of  water,  and  a  few  drops 
of  nitric  acid  added,  a  precipitate  of  the  dinitro-compound  is 
obtained  on  warming.  Vice  versa,  small  quantities  of  nitric 
acid  may  be  detected  by  boiling  with  a  solution  of  the  sulphonic 
acid,  especially  if  a  little  sulphuric  acid  be  added. 

On  distilling  the  calcium  salt  of  podocarpic  acid,  the  following 
products  are  obtained  together  with  jj-cresol : 

Carpene,  C9HU,  a  liquid  boiling  at  155 — 157°,  which  has  an 
odour  simultaneously  resembling  that  of  turpentine  and  styro- 
lene,  and  quickly  becomes  resinous  in  the  air. 

Meihanthrol,  C15H120,  separates  from  ether  on  spontaneous 
evaporation  as  a  woolly  crystalline  mass,  or  if  evaporated  at  a 
higher  temperature,  as  an  oil  which  solidifies  to  a  crystalline 
mass,  melting  at  122°,  and  insoluble  in  caustic  potash. 

Hydrocarpol,  C16H20O,  is  a  peculiarly  smelling,  turpentine-like 
mass,  which  boils  at  220°  in  vacuo,  and  decomposes  at  a  higher 
temperature  into  carpene  and  p-cresol.  These  are  also  formed, 
together  with  carbon  dioxide,  by  the  dry  distillation  of  the  acid.1 

Phenanthrenecarboxylic  Acids. 

2766  a-Phenanthrenccai'hoxylicacid,CliH.Q.C02H.,Y)a,s  obtained 
by  Schultz  and  Japp  by  distilling  the  potassium  salt  of  phenan- 
threnesulphonic  acid  with  potassium  ferrocyanide,  and  boiling 
the  yellowish  semi-solid  nitrile  with  alcoholic  potash.  It  is 
scarcely  soluble  in  water,  readily  in  alcohol  and  acetic  acid,  and 
crystallizes  in  long  bent  plates,  which  melt  at  266°,  and  sublime 
with  partial  decomposition  in  fern-shaped  aggregates  of  plates. 
On  heating  with  soda-lime  it  decomposes  into  carbon  dioxide 
and  phenanthrene.  The  barium  salt,  (CuH9.C02)2Ba  +  7H20, 
crystallizes  in  long,  slender,  elastic  needles,  which  usually  unite 
in  fascicular  or  spherical  aggregates.2 

ft-Phenanthrenecarbozylic  acid  was  prepared  by  Japp  from  the 
phenanthrenesulphonic  acid  which  forms  a  very  soluble  calcium 
salt  (p.  499).  It  crystallizes  from  acetic  acid  in  stellate  groups  of 
needles,  melts  at  150 — 152°,  and  sublimes  in  fern-like  aggregates 

1  Annalm,  170,  213. 

3  Annalen,  196,  10 ;  Journ.  Chem.  Soc.  1880,  1,  83. 
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of  plates.  On  heatiDg  with  soda-lime  it  yields  carbon  dioxide  and 
phenanthrene,  and  it  is  oxidized  by  chromium  trioxide  to  phen- 
anthrenequinone.  The  barium  salt,  (C14H9.CO2)2Ba+6H20, 
crystallizes  in  long,  rectangular,  brittle  plates. 

Phenanthrencquinonecarboxylic  acid,  CUH702(C02H),  is  formed 
when  an  acetic  acid  solution  of  the  a-acid  is  treated  with 
chromium  trioxide.  It  resembles  phenanthrenequinone,  and 
like  this,  dissolves  in  sodium  bisulphite  solution,  but  is  dis- 
tinguished from  it  by  its  solubility  in  cold  sodium  carbonate 
solution. 
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RETENE  GROUP. 

2767  In  the  fossil  fir-wood  (Pinus  uliginosa)}  which  occurs  in 
a  peat  bed  at  Eedwitz  in  the  Fichtelgebirge,  Fikentscher  found 
a  resinous  or  fatty  substance,  and  submitted  it  for  investigation 
to  Trommsdorf.  The  latter  purified  it  by  recrystallization  from 
alcohol,  and  thus  obtained  it  in  delicate  white  plates,  the  analysis 
of  which  showed  that  it  was  a  hydrocarbon  isomeric  with 
benzene.2  Krauss  found  the  same  composition  for  Scheererite, 
which  likewise  occurs  in  the  fir  stems  of  the  lignite  beds  at 
XJznach  in  Switzerland.3  According  to  Steenstrup,  the  stems 
and  roots  of  the  firs  in  the  great  peat  moors  of  Denmark 
likewise  contain  solid  hydrocarbons,  one  of  which,  termed  by 
Forchhammer  Phylloretine,  as  it  crystallizes  in  slender  plates, 
has  the  greatest  resemblance  with  Scheererite,  and  appeared 
from  the  analysis  to  have  the  empirical  formula  C4H5  or  C6H6.4 

In  1858  Knauss,  in  Archangel,  found  a  new  hydrocarbon  in 
the  tar  formed  in  the  distillation  of  fir-wood  (see  Part  V. 
p.  464),  which  was  further  examined  by  Fehling  5  and  Fritsche,6 
with  different  results.  The  latter  first  proposed  the  formula 
C19H18,  but  two  years  later  altered  it  to  the  correct  one,  C18H18, 
and  simultaneously  showed  that  the  above-mentioned  hydro- 
carbons obtained  from  fossil  fir  stems  were  identical  with  the 
compound  from  the  fir-wood  tar.  He  gave  to  it  the  name 
Retene,  inasmuch  as  it  is  probably  derived  from  the  resin 
(prjTivr))  of  the  fir  either  by  a  slow  mouldering  process  or  by  the 
action  of  a  high  temperature.  Knauss  states  that,  in  Archangel, 
only  wood  rich  in  resin  is  employed  for  distillation,  which  is  a 
further  confirmation  of  the  above   supposition.     In   order  to 

1  A.  Schmidt,  Ber.  22,  499.  =  Annalcn,  28,  125. 

3  Annalen,  106,  388.  4  Annalen,  21,  226. 

5  Annalen,  41,  39.  6  Annalen,  109,  250. 
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ensure  the  wood  containing  large  quantities  of  resin,  the  tree 
is  continuously  deprived  of  its  bark  for  a  number  of  years.1 

Fritsche  proved  the  molecular  weight  of  retene  by  the 
analysis  of  its  compound  with  picric  acid,  this  being  the  first 
employment  of  the  method  not  only  for  that  purpose,  but  also 
for  the  recognition  and  separation  of  aromatic  hydrocarbons. 

Further  investigation  of  this  hydrocarbon  was  then  under- 
taken by  Wahlforss,  who  obtained  it  from  Finnish  wood-tar. 
By  its  oxidation  he  obtained  dioxyresistene,  C16Hu02,  which  was 
derived  not  from  retene,  but  from  resistenc,  C16HM,  this  hydro- 
carbon being  obtained  by  heating  the  dioxy-compound  with 
zinc  dust.2 

Ekstrand,  who  examined  retene  obtained  from  Swedish  tar, 
and  prepared  a  number  of  its  substitution  products,  confirmed 
the  existence  of  dioxyresistene,  but  found  that  resistene  is  a 
mixture  of  retene  with  other  hydrocarbons  ;  hence  he  concluded 
that  dioxyresistene  has  a  more  complicated  constitution, 
especially  as  he  obtained  from  it,  by  the  action  of  baryta  and 
bromine,  substances  whose  formulae  did  not  stand  in  any  simple 
relation  to  the  formula  C16H1402.3 

Bamberger  and  Hooker,  however,  found  that  dioxyresistene 
is  in  reality  reteneqicinone,  C18H1602,  which  is  extremely  difficult 
to  burn,  and  thus  readily  gives  too  small  a  quantity  of  carbon 
on  analysis.  When  heated  with  zinc  dust  or  hydriodic  acid  the 
qumone  is  reconverted  into  retene,  which  has  the  greatest 
resemblance  to  phenanthrene,  just  as  retenequinone  has  to 
phenanthrenequinone.  The  latter  on  boiling  with  caustic 
potash,  yields  diphenyleneglycollic  acid,  whilst  the  former 
yields  retenegly collie  acid,  C16Hlfi.C(OH)CO,H,  which  on 
oxidation  yields  reteneketone,  C16H16— CO.  This  behaves  in 
an  analogous  manner  to  diphenyleneketone,  inasmuch  as  on 
reduction  it  yields  retenefluorenyl  alcohol,  C16H16.CH.OH,  and 
retenefluorene,  C16H16.CH2. 

In  their  physical  properties  the  corresponding  compounds  in 
both  groups  show  the  greatest  similarity  ;  they  differ,  however, 
inasmuch  as  the  phenanthrene  derivatives  are  very  stable  and 
are  readily  prepared,  whereas  the  formation  of  retene  and  its 
derivatives  depends  upon  the  exact  fulfilment  of  certain  con- 
ditions ;  on  account  of  their  instability  great  care  is  required 
in  their  preparation. 

1  J.  Pr.  Cham.  82,  321.  *  Jahresb,  1869,  501. 

8  AnnaUn,  185,  75. 
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The  constitution  of  retenequinone  has  been  determined  by 
Bamberger  in  the  following  manner  :  On  oxidation  with  alkaline 
potassium  permanganate  it  yields  a  monobasic  ketonic  acid, 
C10H13O2.CO2H,  which  on  further  oxidation  yields  the  dipheny- 
leneketonedicarboxylic  acid  already  described  (p.  486),  the  silver 
salt  of  which  splits  up  on  heating  into  carbon  dioxide  and 
diphenyleneketone.  The  ketone  carbonyl  group  is  undoubtedly 
formed  by  the  oxidation  of  the  quinone  group  CO.CO,  and 

C6H3.CO 
hence    retenequinone    must    contain    the    group 

! 

,  with  which  four  carbon  atoms  and  ten  hydrogen  atoms 
C6H2.CO 

are  also  combined.  It  is  very  improbable  that  these  form  a 
closed  chain  in  combination  with  the  diphenyl  residue,  but  they 
are  probably  present  in  the  form  of  two  alkyl-groups,  which 
would  readily  explain  the  formation  of  the  dicarboxylic  acid. 
The  only  possible  alternatives  in  that  case  are  that  the  com- 
pound contains  two  ethyl  groups  or  a  methyl  and  propyl 
group.  This  question  is  decided  by  the  formation  of  the  acid, 
C16H1302.C02H,  which  as  it  is  a  ketonic  acid  must  contain  both 
the  carbonyl  and  carboxyl  groups.  The  latter  can  only  be 
obtained  by  the  oxidation  of  a  methyl  group,  and  hence  retene- 
quinone must  be  a  methylpropylphenanthrenequinone  : 


C6HrCO 


g5f>C6H,CO 


Y1! 


The  acid  obtained  by  the  oxidation  of  this  compound  contains 
5  atoms  of  oxygen,  which  is  readily  understood  if  the  C3H7  is 
an  isopropyl  group,  as  the  latter  on  oxidation  in  alkaline  solution 
is  readily  converted  into  hydroxyisopropyl ;  the  acid  is  there- 
fore hydroxyisopropyldiphenyleneketonedicarboxylic  acid  (see 
below).  As  the  diphenyleneketonedicarboxylic  acid  splits  up 
on  heating  into  carbon  dioxide  and  a  diphenyleneketonemono- 
carboxylic  acid,  and  does  not  form  an  anhydride,  the  two  side 
chains  can  scarcely  occupy  the  ortho-position  to  one  another. 
One  of  them,  however,  probably  occupies  the  ortho-position  to 
the  ketone-carbonyl  group,  as  on  fusion  with  potash  the  ketone- 
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dicarboxylic  acid  is  converted  into  a  tricarboxylic  acid  which 
yields  an  anhydride. 

The  constitution  of  retene  and  of  its  quinone  and  ketone  may 
be  represented,  therefore,  by  the  following  formulae : * 


C3H7 


CH 
CH 


/\ 


Wo 

CO 


\/\ 

I      CO 


J3"? 


CH, 


\/ 


CH, 


CH, 


It  is  especially  noteworthy  that  retene  contains  the  same  side- 
chains  as  oil  of  turpentine.  Whether  these  also  occupy  the 
para-position  to  one  another  in  the  manner  shown  above  has 
not  yet  been  proved,  although,  as  this  combination  is  so  frequent 
in  compounds  obtained  from  firs  and  pines,  it  is  very  probably 
the  case.  Against  this  view  is  the  fact  that  the  diphenylene- 
ketonecarboxylic  acid  is  not,  as  would  be  expected  if  the  above 
view  is  correct,  identical  with  either  the  ortho-  or  meta-acid. 

Retene  or  3£ethylisopropylphenanthrene,GliH.s(GHs)GBEi.1.  When 
fir-wood  tar  is  subjected  to  distillation  a  thick  oil  passes  over 
towards  the  end  of  the  operation,  which  solidifies  to  a  granular 
mass  on  cooling.  This  is  employed  for  greasing  purposes 
under  the  name  "  tar-tallow,"  and  consists  almost  solely  of  retene, 
which  may  be  obtained  pure  by  subjecting  the  mass  to  strong 
pressure,  thus  removing  adhering  oil,  and  recrystallizing  the 
residue  from  boiling  alcohol.2 

Eetene  is  also  obtained  in  large  quantity,  together  with 
sulphuretted  hydrogen,  by  distilling  pine-wood  resin  or  colo- 
phony, and  heating  the  "  resin  oil "  thus  obtained  with  sulphur 
(Kelbe) ;  it  may  be  obtained  in  this  manner  on  the  large  scale.3 
It  crystallizes  in  mica-like  plates,  or  very  lustrous  white  nacreous 
tablets,  and  melts  at  98-5  to  a  liquid  having  a  slight  violet 
fluorescence.  It  boils  at  390°,4  but  sublimes  far  below  this 
temperature  in  microscopic  scales ;  its  vapour  has  the  sp.  gr.  8'28.5 

1  Bamberger  and  Hooker,  Annalen,  229,  102. 

2  Ekstrand,  Annalen,  185,  75  ;  Bamberger  and  Hooker,  Annalen,  229    115. 

3  Chem.  Fair.  Mheinau.  Germ.  Patent,  15  September,  1887. 

*  Berthelot,  Bull.  Soc.  Ohim.  8,  389.  s  Knecht,  Ber.  10   2073. 
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100  parts  of  95  per  cent,  alcohol  dissolve  3  parts  of  retene  at 
the  ordinary  temperature,  and  69  parts  at  the  boiling-point; 
the  hydrocarbon  also  dissolves  readily  in  ether,  carbon  disul- 
phide,  light  petroleum,  and  boiling  acetic  acid,  and  crystallizes 
out  for  the  most  part  on  cooling. 

Retene  may  be  distilled  over  lead  oxide  -without  undergoing 
alteration ;  it  yields  resinous  products  with  nitric  acid,  and  is 
not  attacked  by  potassium  permanganate  in  alkaline  or  neutral 
solution,  but  is  completely  oxidized  in  acetic  acid  solution.  On 
■warming  with  dilute  sulphuric  acid  and  potassium  dichromate  it 
yields  retenequinone,  phthalic  acid,  and  acetic  acid. 

Retene  picric  acid,  C18H13  +  C6H3(N02)30,  is  formed  by 
dissolving  retene  and  an  excess  of  picric  acid  in  alcohol,  and 
crystallizes  out  on  cooling  in  pure  yellow  or  orange-yellow 
lustrous  needles,  which  melt  at  123 — 124°,  and  are  decomposed 
by  alkalis  and  even  by  water  and  alcohol.  From  a  solution  in 
benzene  the  compound  C18H18  +  C6H6  +  C6H3(N02)30 
crystallizes  out,  and  becomes  opaque  in  the  air  owing  to  the  loss 
of  benzene.  If  retene  and  dinitroanthraquinone  (which  was  also 
employed  by  Fritsche  for  detecting  hydrocarbons)  be  dissolved 
in  acetic  acid,  a  compound  crystallizing  in  deep  orange-coloured 
needles  is  formed  with  difficulty  (Ekstrand). 

Tetrahydroretene,  C18H22,  is  prepared  by  acting  with  sodium  on 
a  boiling  amyl  alcoholic  solution  of  retene,  and  is  a  yellowish  oily 
liquid,  which  boils  at  280°  under  50  mm.  pressure,  and  gradually 
solidifies  in  the  air  owing  to  the  re-formation  of  retene.1 
Towards  bromine  it  behaves  as  a  partially  reduced  compound.2 

Dodecahydroretene,  C18H30,  is  formed  when  4  parts  of  retene 
are  heated  with  5  parts  of  phosphorus  and  20 — 24  parts  of 
hydriodic  acid  of  sp.  gr.  1*7,  for  12 — 16  hours  at  250 — 260°, 
and  is  a  bluish  fluorescent  liquid,  boiling  at  336°.3 

The  hydrides  also  probably  occur  in  pine-wood  tar  and  in 
"  resin  oil,"  as  these  yield  large  quantities  of  retene  on  heating 
with  sulphur.  Moreover  the  pitch  from  pine-wood  tar  yields 
such  hydrides  on  distillation,  for  the  distillate  which  passes 
over  above  360°  as  a  thick  yellowish  oil  with  a  faint  blue 
fluorescence  yields  retene  on  exposure  to  the  air.4 

Fichtelite,ClsH.32,w&s  discovered  by  Fikentscher  at  the  same  time 
as  retene,  with  which  it  usually  occurs  ;  it  has  also  been  found 


1  Bamberger  and  Lodter,  Ser.  20,  3073.         2  Ber.  21,  836. 

3  Liebermann  and  Spiegel,  Bcr.  22,  779.        *  Boyen,  Chan.  Zeit.  1889,  870. 
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in  the  peat  moors  at  Franzensbad,1  and  at  Kolbermoor  near 
Kosenheim  in  Upper  Bavaria,2  whilst  Mallet  observed  its 
presence  in  the  stem  of  the  American  pine  (Pinus  australis), 
which  yields  the  greater  portion  of  the  American  oil  of 
turpentine.3 

It  was  first  analysed  by  Bromeis4  and  Clark  ;5  the  latter  also  ex- 
amined the  action  of  chlorine  upon  it,  and  suggested  the  formula 
C40H70,  whilst  Mallet  regarded  it  as  a  sesquiterpene,  (C6H8)n, 
and  Hell  concluded  that  it  was  either  a  dihydrosesquiterpene, 
C15H2f),  or  a  tetrahydrosequiterpene,  C15H28;  the  analyses, 
however,  agreed  better  with  the  intermediate  composition, 
which  made  it  appear  possible  that  the  correct  formula  was 
C30HH.6  It  Avas  finally  recognized  by  Bamberger  and  Strasser 
as  perhydroretenc?  and  appears  to  be  formed  by  the  further 
heating  of  dodecahydroretene  with  phosphorus  and  hydriodic 
acid.8 

Fichtelite  crystallizes  from  a  mixture  of  alcohol  and  ether  in 
long  monosymmetric  prisms,  and  separates  in  still  finer  crystals 
from  light  petroleum.  It  melts  at  46°,  boils  at  355°  under  719 
mm.  pressure,  yielding  a  vapour  of  sp.  gr.  8-7.  It  is  unaltered 
after  boiling  for  days  with  potassium  dichromate  and  dilute 
sulphuric  acid  or  potassium  permanganate,  and  is  not  attacked 
by  lead  oxide  below  a  red  heat.  It  appears  to  be  completely 
oxidized  by  chromium  trioxide  in  acetic  acid  solution,  and  forms 
large  quantities  of  oxalic  acid  on  boiling  with  nitric  acid.  On 
heating  with  iodine  it  yields  dodecahydroretene  and  hydriodic 
acid. 

Bibromordcnc,  C18H16Br2,  is  formed  by  gradually  adding  two 
molecules  of  bromine  to  a  molecule  of  retene  suspended  in  water, 
and  gently  warming  till  no  more  hydrogen  bromide  is  evolved  ; 
the  product  is  then  treated  with  alcohol  and  dilute  caustic 
potash,  digested  with  alcoholic  potash,  and  washed  successively 
with  water,  alcohol,  and  ether.  It  is  thus  obtained  as  a  white 
crystalline  powder,  which  crystallizes  from  carbon  disulphide 
or  hot  light  petroleum  in  lustrous  tablets,  melting  at  180°. 
The  yield  is  small  owing  to  the  formation  of  by-products. 

Tetrabromoretene,  C18HuBr4,  is  obtained  by  heating  retene 
with  bromine  on  the  water-bath  till  the  excess  of  the  latter  has 

1  Gmelin,  Eandb.  Org.  Chcm.  4,  2194.  =  Bamberger,  Bcr.  22    635. 

3  Bcr.  5.  817.  4  Annalen,  37,  304.  .«  Annalen,  103    236  ' 

6  Bcr.  22,  498.  7  Bcr.  22,  3361.  «  Spiegel,  Ber.  22,  3369. 
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disappeared.  It  crystallizes  from  boiling  benzene  or  carbon 
disulpbide  in  flat  prisms,  and  melts  at  210 — 212°. 

Betmedisidphonic  acid,  C18H16(S03H)2  +  10H2O,  is  prepared 
by  gradually  adding  finely  divided  retene  to  a  mixture  of  equal 
volumes  of  fuming  and  concentrated  sulphuric  acid  as  long  as  it 
continues  to  dissolve.  After  two  or  three  weeks  a  hair-like 
mass  of  slender  needles  is  obtained,  these  having  the  composition 
C18H16(S03H)2  +  5H2S04  (Fritsche  and  Ekstrand).  This  is 
converted  into  the  barium  or  lead  salt,  which  are  reconverted 
into  the  acid  by  the  action  of  sulphuric  acid  and  hydrogen  sul- 
phide respectively.  The  concentrated  solution  yields  a  magma 
of  slender  needles,  which  are  very  soluble  in  alcohol  and  ether, 
and  crystallize  from  acetic  acid  on  evaporation  in  well-developed 
prisms  or  stellate  aggregates  of  needles.  On  addition  of 
sulphuric  acid  to  its  solution  the  above  double  compound  again 
separates  out. 

Ekstrand  also  prepared  a  number  of  its  salts,  which  are 
insoluble  in  alcohol,  somewhat  soluble  in  cold,  and  readily  in  hot 
water. 

JietenedisulphocMoride,  C18H16(S02C1)2,  crystallizes  from  acetic 
acid  in  stellate  aggregates  of  small  hard  prisms,  melts  at  175°, 
and  is  only  decomposed  by  water  at  160°. 

Betenetrisulphonic  acid,  C18H15(S03H)3,  is  obtained  by  warming 
retene  with  fuming  sulphuric  acid,  and  crystallizes  in  small 
readily  soluble  prisms.  Its  harium  salt,  [C18H16(S03)3]2Ba3 
+  18H20,  forms  hair-like  needles  or  long  prisms. 

2768  Betcne.quinone,  C18H1602,  can  only  be  obtained  in 
quantity  by  careful  adherence  to  certain  conditions.  According 
to  Bamberger  and  Hooker  the  most  suitable  method  is  the 
following  :  19  grams  of  chromium  trioxide  are  dissolved  in  100  cc. 
of  acetic  acid,  and  carefully  added  through  a  reflux  condenser  to 
a  luke-warm  solution  of  10  grams  of  retene  in  35  cc.  of  acetic 
acid,  the  reaction  proceeding  quietly  without  evolution  of  carbon 
dioxide ;  the  solution  is  then  boiled  until  it  has  a  pure  green 
colour  and  the  gas  evolution  has  ceased.  On  cooling,  retene- 
quinone  is  obtained  as  a  mass  of  long  orange-red  prisms,  having 
a  metallic  lustre,  which  are  washed  with  80  per  cent,  alcohol. 
The  quinone  remaining  in  the  mother  liquor  is  obtained  by 
partially  distilling  off  the  acetic  acid,  recrystallizing  from 
alcohol,  and  treating  with  sodium  carbonate  solution  and  ether 
to  remove  acids  and  resinous  products.  About  60  per  cent,  of 
333 
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crude  quinone  is  thus  obtained,  from  which  55  grams  of  the 
pure  compound  may  he  prepared. 

Retenequinone  melts  at  197 — 197°'5,  and  may  be  partially 
sublimed  by  careful  heating.  10,000  parts  of  83  per  cent, 
alcohol  only  dissolve  1 — 2  parts  at  the  ordinary  temperature, 
whilst  1,000  parts  of  95  per  cent,  alcohol  dissolve  1 — 5  parts  at 
0o,5,  and  22 — 23  parts  at  the  boiling-point.1  It  dissolves  readily 
in  boiling  carbon  disulphide,  and  crystallizes  out  on  cooling  in 
woolly  needles,  and  is  soluble  in  hot  aniline,  separating  out  on 
addition  of  |  vol.  of  alcohol  in  reddish-yellow  satiny  plates. 

Sulphuric  acid  dissolves  retenequinone  with  a  green  colour. 
On  addition  of  a  drop  of  aqueous  potash  to  its  alcoholic  solution 
and  warming,  a  fine  bordeaux-red  colouration  is  obtained,  which 
disappears  on  shaking ;  after  a  few  seconds,  or  still  better  on 
warming,  the  colour  reappears  and  again  disappears  on  shaking ; 
this  can  be  repeated  several  times,  the  colour  becoming 
continuously  fainter,  until  at  last  it  disappears  altogether.  By 
means  of  this  reaction,  which  is  characteristic  of  o-diketones,2 
traces  of  the  quinone  may  be  readily  detected. 

That  it  is  in  reality  an  o-diketone  is  proved  by  the  fact  that 
it  combines  directly  with  o-diamidobenzene  with  elimination  of 
water,  forming  retenequinoxaline,  which  will  be  described  in  a 
later  volume. 

Dibromoretencquinone,  C18HuBr202,  is  obtained  by  adding  a 
slight  excess  of  bromine  to  the  quinone,  stirring  well  during  the 
operation.  It  crystallizes  in  pale  orange-red  prisms,  melts  at 
250 — 252°,  is  sparingly  soluble  in  alcohol  and  acetic  acid, 
readily  in  chloroform.  Towards  alcoholic  potash  it  behaves  in 
a  similar  manner  to  the  quinone. 

.CO 

Betenequinonimide,  C16H16<^  |  is  prepared  by  allowing 

\C:NH, 
a  chloroform  solution  of  the  quinone  to  remain  with  alcoholic 
ammonia  for  several  days,  and  crystallizes  on  evaporating  the 
solution  in  golden  yellow  slender  prisms,  having  a  vitreous 
lustre.  It  melts  at  109 — 111°,  and  on  remaining  in  moist 
air,  or  on  treatment  with  dilute  acids  or  alkalis  is  resolved 
into  retenequinone  and  ammonia. 

.CO 

Betenequinonoxime,  C16H16^  |  is  formed  by  heating 

XC=N.OH, 

1Ekstrand,  Annalen,  185,  75.  s  Bamberger,  Ber.  18,  865,  1932. 
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an  alcoholic  solution  of  1  mol.  of  the  quinone  with  an  aqueous 
solution  of  2  mols.  of  hydroxylamine  hydrochloride,  and  the 
equivalent  quantity  of  sodium  carbonate  for  1—2  days  at  30 — 40°. 
It  crystallizes  from  alcohol  in  golden  yellow  needles  or  plates, 
melts  at  128c,5,  and  though  scarcely  attacked  by  aqueous  hydro- 
chloric acid,  is  readily  decomposed  by  the  alcoholic  solution. 

Like  other  o-quinonoximes  it  gives  beautifully  coloured  lakes 
with  salts  of  iron,  nickel,  and  cobalt ;  it  colours  iron  mordants 
green,  but  not  so  strongly  as  phenanthrenequinone,  probably 
'  because  it  is  insoluble  in  water.1 

When  retenequinone  is  boiled  with  a  hydrazinesulphonic 
acid  of  phenyl,  naphthyl,  &c,  a  red  solution  is  obtained,  from 
which  the  colouring  matter  separates,  on  neutralization  and 
addition  of  sodium  chloride.  The  azo-colours  thus  obtained 
dye  wool  with  an  orange  to  blood-red  colour.2 

Betenequinol,  C18H16(OH)2.  To  prepare  this  compound,  O'o 
gram  retene  is  dissolved  in  60  cc.  of  alcohol,  mixed  with  a 
saturated  aqueous  solution  of  sulphur  dioxide,  warmed  for 
several  hours  in  a  sealed  tube  at  60 — 70°,  then  filtered  into  a 
vessel  containing  no  air,  and  water  free  from  air  added  ;  after 
some  hours  retenequinol  separates  in  silver-white  satiny  tablets. 
These  readily  pass  on  warming  or  remaining  in  the  air,  espe- 
cially if  moist,  into  the  quinone,  which  is  thus  obtained  in  flat 
tablets,  which  are  really  pseudomorphs.  If  the  quinol  be  placed 
under  water  so  that  the  air  only  comes  in  contact  with  it  slowly, 
the  tobacco-brown  quinhydrone  is  formed ;  the  potassium  salt 
of  the  latter  is  also  formed  when  the  quinone  is  boiled  with  zinc 
dust  and  dilute  potash,  the  solution  filtered  into  boiling  caustic 
potash,  and  the  whole  boiled  in  the  air.  It  forms  a  voluminous 
green  precipitate,  which  may  be  washed  with  hot  water,  and 
then  only  undergoes  a  surface  oxidation  in  the  air. 

Betenedicarhoxylic  acid,  C]6H16(C02H)2,  is  formed  by  boiling 
the  alcoholic  solution  of  the  quinone  with  sodium  amalgam,  the 
dark  red  colour  changing  to  brown.  The  alcohol  is  evaporated 
off,  the  residue  taken  up  with  water,  filtered  from  undissolved 
resinous  matter,  cooled  in  a  freezing  mixture,  and  treated  with 
hydrochloric  acid.  It  is  thus  obtained  as  a  white  granular 
precipitate,  which  forms  a  brown  sticky  resin  on  exposure  to  the 
air.     If  it  be  dissolved  in  ammonia  and  shaken  with  ether,  a 

1  Kostanecki,  Neues  Handworterbuch,  5,  1210. 

2  Oes.  Chem.  Ind.  Rheinau,  Ohem.  Zeit.  1889,  565  ;  Schultz,  Steinhohlentheer, 
2,  1133. 
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slightly  yellow  solution  of  the  ammonium  salt  is  obtained,  which 
with  silver  nitrate  gives  a  precipitate  of  the  silver  salt,  C16H16 
(C02Ag)2,  a  heavy  white  compound,  which  is  very  susceptible  to 
light.  The  barium  salt  is  a  heavy  crystalline,  sparingly 
soluble  precipitate. 

Beteneglycollic  acid,  C16H16.C(OH).COOH.  To  prepare  this 
acid  the  quinone  is  dissolved  in  sulphuric  acid,  and  the  green 
solution  poured  into  cold  water  with  constant  stirring,  which 
precipitates  the  quinone  in  amorphous  flakes.  After  washing, 
these  are  added  to  boiling  caustic  soda  solution  of  16  per  cent, 
strength  : 

C6H4.CO  C6H4X       .OH 

p  jr      |         |      +  NaOH  =  r  n      [        >C< 
CH>C<ft-C0  0H>C«H3        XCOONa. 

After  a  quarter  of  an  hour  the  quinone  has  gone  into  solution 
with  separation  of  a  green  resin ;  the  solution  is  first  neutral- 
ized with  hydrochloric  acid,  and  then  treated  with  an  excess  of 
the  latter  in  a  freezing  mixture.  Reteneglycollic  acid  is  thus 
obtained  as  a  granular  crystalline  product,  which  quickly 
becomes  sticky  and  discoloured  in  the  air.  The  silver  salt 
is  a  flocculent  precipitate,  very  susceptible  to  light ;  the  charac- 
teristic copper  salt  is  a  pale  green  precipitate,  almost  white  in 
thin  layers,  and  somewhat  soluble  in  boiling  water.  The  yield 
of  reteneglycollic  acid  amounts  only  to  about  6  per  cent,  of  the 
quinone. 

Retenefluorene,  C17H18,  is  obtained  by  distilling  reteneketone 
with  zinc  dust,  or  heating  it  with  hydriodic  acid  and  phos- 
phorus at  150° ;  it  crystallizes  from  alcohol  in  silver-white 
nacreous  plates,  melts  at  96'5 — 97°,  and  yields  a  vapour  having 
the  sp.  gr.  7"78.  On  addition  of  chromium  trioxide  to  its  acetic 
acid  solution,  no  quinone  is  formed,  but  the  hydrocarbon  is 
almost  completely  oxidized.  It  unites  with  picric  acid,  forming 
a  compound  crystallizing  in  orange-red  lustrous  needles  ;  these 
are,  however,  too  unstable  for  analysis. 

Dinitroretenefluorenc,  Cl7H16(N02)2,  is  formed  by  adding 
nitric  acid  to  a  hot  acetic  acid  solution  of  retenefluorene,  and 
crystallizes  in  straw-yellow  matted  needles,  which  are  sparingly 
soluble  in  alcohol. 

Relenefluorenyl  alcohol,  C16H16 :  CH.OH,  is  obtained  by  the 
action  of  sodium  amalgam,  or  of  zinc  and  hydrochloric  acid,  on 


RETENEKETONE  521 


an  alcoholic  solution  of  reteneketone,  and  crystallizes  on  evapo- 
rating the  alcoholic  solution  in  long  white  silky  needles,  melting 
at  133—134°. 

Rctenefluorenyl  acetate,  C10Hlg  :  CH.O.CO.CHj,  is  prepared  hy 
hoiling  the  alcohol  for  a  short  time  "with  acetic  anhydride  and 
sodium  acetate,  and  forms  slender  white  silky  needles,  melting 
at  70—71°. 

Heteneketone,  C16H16.CO,  is  obtained  hy  acting  with  dilute 
sulphuric  acid  and  potassium  dichromate  on  copper  retenegly- 
collate : 

C6H4X   /OH 


x3 

C«H. 


CSH7^^   TT   , 


>CO  +  CO,  +  H„0. 


It  is  also  formed  when  retenequinone  is  heated  with  caustic 
baryta,  and  in  large  quantity  by  distilling  the  former  over  lead 
oxide  : 

.CO 
C16H16<  |      +  PbO  =  C16H16:  CO  +  C02  +  Pb. 
X30 

Reteneketone  crystallizes  from  alcohol  in  flat  rhombic  sulphur- 
yellow  tablets  with  a  vitreous  lustre,  which  melt  at  90°,  and  show 
a  golden-yellow  and  greenish-yellow  pleochroism. 

Hydroxyisopropyldiphenyleneketonecarboxylic  acid  is  formed 
together  with  reteneketone  by  boiling  amorphous  retenequinone 
with  alkaline  potassium  permanganate  : 

C6H4CO 
CH3X|        |     +50  = 

CTT  /C6H2CO 

CH33>CH 


gg»>C(OH)' 


C6H4 

I 

>CfiH, 


COOB\   f8"4\cO  +  C02  +  H20. 


It  crystallizes  from  alcohol  in  lustrous  golden-yellow  plates, 
which  become   red   on  heating,  and  melt  at  190°.     Further 
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oxidation  converts  it  into  diphenyleneketonedicarboxylic  acid 
(p.  486).  The  barium  salt,  (Cl7H1304)2Ba  +  2H20,  forms 
rosette-shaped  aggregates  of  golden  needles.  The  oxime, 
HO.N :  C :  C12HG(C3H6.OH)C02H,  is  formed  by  adding  hydroxyl- 
amine  hydrochloride  to  a  solution  of  the  ammonium  salt  and 
warming  for  several  hours ;  it  is  sparingly  soluble  in  boiling 
alcohol,  from  which  it  crystallizes  in  straw-yellow  fern-like 
aggregates  of  needles,  which  remain  unaltered  at  270°. 

Tcdoquinone,  C18H1602,  is  isomeric  with  retenequinone,  and  is 
found  in  teak  wood  (Tectona  grandis)  and  in  the  tar  obtained  by 
its  distillation.  It  crystallizes  from  alcohol  in  oblique  amber 
yellow  prisms,  melts  at  171°,  and  sublimes  slowly  even  at  the 
ordinary  temperature  in  rhombic  tablets.  It  dissolves  in  sulphuric 
acid  with  a  yellow  colour,  and  is  reprecipitated  by  water.  When 
heated  with  absolute  alcohol  and  caustic  potash  it  yields  a 
crimson  solution,  which  on  addition  of  water  becomes  first  green 
and  then  yellow  with  separation  of  the  quinone.  Bromine 
converts  it  at  100 — 140°  into  dibromotedoquinone,  which 
crystallizes  in  thin  orange-yellow  needles,  and  melts  at   1C50.1 

1  Romania,  Journ.  Cfiem.  Soc.  1887,'  I-  868  ;  Proc.  Chcm.  Soc.  1889,  116. 
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FLUORANTHENE  GROUP 

2769  Fluoranthene,  C1SH10,  is  found  in  coal-tar,1  and  is  also 
identical  with  idryl,  one  of  the  constituents  of  "  stuppfett "  (p.  35  7).2 
It  is  prepared  from  the  fractions  of  coal-tar  boiling  higher  than 
anthracene,  and  soluble  in  benzene,  which  consist  mainly  of 
pyrene  and  fluoranthene,  together  with  small  quantities  of 
phenanthrene  and  other  hydrocarbons.  To  separate  the  other 
hydrocarbons  the  mixture  is  fractionated  under  60mm.  pressure, 
fluoranthene  boiling  then  at  250 — 251°,  and  pyrene  at  260°.  The 
fraction,  240 — 250°,  is  dissolved  in  alcohol  and  mixed  with  a 
similar  solution  of  picric  acid.  The  fluoranthene  picric  acid  is 
then  separated  by  repeated  crystallization  from  the  less  soluble 
pyrene  compound,  and  converted  into  the  hydrocarbon  by  the 
action  of  ammonia. 

Fluoranthene  is  sparingly  soluble  in  cold,  readily  in  hot 
alcohol,  in  ether  and  acetic  acid,  and  crystallizes  from  a  con- 
centrated alcoholic  solution  in  long  slender  needles,  and  from  a 
dilute  solution  in  lustrous  monosymmetric  tablets,  which  melt 
at  109°  and  dissolve  in  warm  concentrated  sulphuric  acid  with  a 
blue  colour.     Its  vapour  has  the  sp.  gr.  6"637. 

On  oxidation  it  is  converted  into  fluoranthenequinone  and 
m-diphenyleneketonecarboxylic  acid  (p.  482) ;  the  latter  on  fusion 
with  potash  yields  isodiphenic  acid,  and  on  distilling  with  zinc 
dust  is  reduced  to  fluorene,  whilst  when  heated  with  lime  it 
yields  diphenyleneketone.  Hence  fluoranthene  stands  to  fluorene 
in  the  same  relation  as  phenanthrene  to  diphenyl,  for  which 
reason  it  received  the  above  name ;  its  constitution  is  represented 
by  the  formula : 


1  Fittig  and  Gebhard,  Ber.  10,  2141  ;  Annalen,  193,  142. 

2  Goldsehmiedt,  Ber.  10,  2022. 
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Fluoranthene  picric  acid,  C15H10  +  C6H3(N02)30,  crystallizes 
in  pale  reddish-yellow  lustrous  needles,  melts  at  182 — 183°,  is 
sparingly  soluble  in  cold  alcohol,  and  decomposes  on  boiling 
with  water. 

Dihydrofluoranthene,  C16H12,  is  formed  when  fluoranthene  is 
heated  with  phosphorus  and  hydriodic  acid  at  180°,  or  when  its 
alkaline  solution  is  treated  for  a  long  time  with  sodium  amalgam. 
It  crystallizes  from  alcohol  in  beautiful  needles,  melts  at  76°, 
and  yields  with  picric  acid  a  sparingly  soluble  compound,  which 
crystallizes  in  yellow  or  red  needles,  and  melts  at  186°. 

Octohydrofluoranthene,  C15H18,  is  obtained  by  heating  the 
hydrocarbon  with  phosphorus  and  hydriodic  acid  at  250° ;  it  is 
a  liquid  boiling  at  311°,  and  combines  with  picric  acid,  forming 
a  red  crystalline  compound,  which  is  easily  soluble  and  very 
unstable.1 

Trichlorofluoranthene,  C15H7C13,  was  obtained  by  Goldschmiedt 
by  acting  on  a  chloroform  solution  of  fluoranthene  with  chlorine 
gas.  It  forms  small  white  needles,  which  do  not  melt  at  300°, 
are  almost  insoluble  in  ether,  very  sparingly  soluble  in  alcohol, 
and  somewhat  more  readily  in  benzene. 

Bibromo fluoranthene,  C16HgBr2,  is  formed  by  adding  bromine 
to  a  solution  of  fluoranthene  in  carbon  disulphide,  and  crystallizes 
in  yellowish-green  lustrous  needles,  which  melt  at  204- — 205°, 
and  are  very  sparingly  soluble  in  alcohol  and  ether  (Fittig  and 
Gebhard). 

Tribromo fluoranthene,  C15H7Br3,  was  prepared  by  Goldschmiedt 
together  with  the  foregoing  compound  by  the  action  of  bromine 
on  an  acetic  acid  solution  of  the  hydrocarbon.  It  forms  soft 
needles,  which  do  not  melt  at  345°,  and  are  hardly  dissolved  by 
any  of  the  usual  solvents. 

Trinitro fluoranthene,  C15H7(N02)3,  is  formed  by  the  action  of 
fuming  nitric  acid  on  the  hydrocarbon,  and  crystallizes  from 
hot  nitric  acid  in  lustrous  yellow  needles,  which  do  not  melt  at 

1  Goldschmiedt,  Monatsh.  1(  221. 
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300°,  and  are  also  very  sparingly  soluble  in  the  common  solvents 
(Fittig  and  Gebhard). 

Fluoranihenedisidphonic  acid,  C16H8(S03H)2,  is  prepared  by 
warming  fluorantbene  with  concentrated  sulphuric  acid,  and  is 
a  brownish-yellow  syrup  which  undergoes  decomposition  at  100°. 
The  barium  salt,  2C15H8(S03)2Ba  +  5H20,  is  very  soluble  in 
water,  and  separates  on  evaporation  in  crystalline  crusts  (Gold- 
schmiedt). 

Fluoranthenequirwne,  C15H802.  Goldschmiedt  obtained  this 
compound  by  mixing  acetic  acid  solutions  of  fluoranthene  and 
chromium  trioxide,1  whilst  Fittig  and  Gebhard  found  that  in 
this  case  and  also  if  dilute  sulphuric  acid  and  potassium 
dichromate  are  employed,  m-diphenyleneketonecarboxylic  acid 
is  the  chief  product ;  this  may  be  removed  by  treatment  with 
sodium  carbonate  solution,  and  the  residue  on  recrystallizing 
from  alcohol  yields  the  compound  of  fluoranthenequinone  and 
fluoranthene  described  below.  The  former  may  be  dissolved  out 
by  a  solution  of  sodium  bisulphite,  and  the  extract  acidified  with 
hydrochloric  acid  ;  the  corresponding  quinol  is  first  formed,  but 
quickly  oxidizes,  reforming  the  quinone  (Fittig  and  Liepmann). 

Fluoranthenequinone  crystallizes  from  alcohol  in  small  red 
needles,  melting  at  188°,  and  combines  with  fluoranthene  to 
form  the  compound,  C15H802  4-  2C16H10,  which  separates  from 
alcohol  in  very  lustrous  ruby-red  flat  needles,  and  melts  at  102.° 
If  the  quinone  be  heated  with  soda-lime  diphenyl  is  formed, 
whereas  it  is  completely  oxidized  by  boiling  with  dilute  sulphuric 
acid  and  potassium  dichromate ;  hence,  in  the  oxidation  of 
fluoranthene,  the  formation  of  the  quinone  does  not  precede 
that  of  diphenyleneketonedicarboxylic  acid,  but  both  are  formed 
simultaneously. 

Fluoranthenccarboxylic  acid,  C15H9.C02H,  was  obtained  by 
Goldschmiedt  in  place  of  the  dicarboxylic  acid,  by  heating 
potassium  fluoranthenedisulphonate  with  potassium  cyanide, 
and  fusing  the  distillate  with  caustic  potash.  It  crystallizes 
from  hot  alcohol  in  yellowish-white  flakes,  melts  at  165°,  and  on 
heating  with  lime  yields  carbon  dioxide  and  fluoranthene.2 

1  Ber.  10,  2022.  s  Monatsh.  1,  221. 
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2770  fi-Phenylnaphthalene,  C10H7.C6H6,  is  formed  together 
with  diphenyl  and  /3-dinaphthyl  when  the  vapour  of  equal  parts 
of  bromobenzene  and  naphthalene  is  passed  through  a  red-hot 
tube  filled  with  pumice  stone.1  It  is  also  obtained  by  mixing 
80  grams  of  sulphuric  acid  with  34  grams  of  water,  and  pouring 
at  once  into  a  solution  of  5  grams  of  styrolene  alcohol  in  10 
grams  of  water  : 

OH     OH 


C6H5 


,CH  — CH2 


CH2— CH 

I  I 

OH     OH 


/C6H5 


C.H. 


/ 


CH=CH 


'6"4\ 


CH=C.C6H6 


+  4H„0. 


The  mixture  is  boiled,  well  shaken  for  a  few  minutes,  and  then 
poured  into  water,2  phenylacetaldehyde  being  formed  as  an 
intermediate  product  in  the  reaction.  It  may  also  be  prepared 
by  heating  a-phenyllactic  acid  with  dilute  sulphuric  acid  at  20  0C.3 

/3-Phenylnaphthalene  crystallizes  from  alcohol  in  lustrous 
plates  with  a  bluish  fluorescence,  melts  at  101 — 101-5°,  and 
boils  at  345 — 346°.  Its  vapour,  the  odour  of  which  resembles 
that  of  oranges,  has  the  sp.  gr.  7"1.  It  is  oxidized  by  sulphuric 
acid  and  potassium  dichromate  to  benzoic  acid,  whilst  potassium 
permanganate  yields  in  addition  some  phthalic  acid  (Zincke 
and  Breuer). 


1  W.  Smith,  Ber.  12,  2049  ;  Proc.  Chem.  Soc.  1889,  70 ;  Smith  and  Takamatsu, 
Jmirn.  Chem.  Soc.  1881,  I.  S46. 

2  Zincke  and  Breuer,  Annalen,  226,  23  ;  Zincke,  Annalen,  240,  137. 

3  Erlenmeyer,  Ber.  13,  305  ;  Miller  and  Kohde,  Ber.  23,  1078. 
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fi-Phenyl-a-naphthoquinone,  C6H6.C10H5O2,  is  prepared  by 
adding  a  solution  of  3  parts  of  chromium  trioxide  in  10  parts 
of  acetic  acid  to  a  solution  of  1  part  of  phenylnaphthalene  in 
10  parts  of  warm  acetic  acid,  and  after  the  first  violence  of  the- 
reaction  is  over,  boiling  till  the  oxidation  is  complete.  To 
purify  the  product  it  must  be  recrystallized  from  alcohol,  with- 
out exposure  to  daylight. 

Phenylnaphthoquinone  crystallizes  in  lustrous  golden-yellow 
needles,  melts  at  109 — 110°,  and  is  fairly  soluble  in  alcohol, 
ether  and  benzene,  more  sparingly  in  light  petroleum.  In  the 
dry  condition  it  is  stable  towards  light,  but  in  solution  it  is 
converted  into  two  polymeric  modifications,  which  form  a 
crystalline  precipitate,  and  may  be  separated  by  means  of  hot 
chloroform. 

"  Yellow  polyquinone  "  crystallizes  from  hot  acetic  acid,  in 
which  it  is  sparingly  soluble,  in  small  yellow  rhombic  tablets, 
melts  at  229°,  and  carbonizes  when  more  strongly  treated. 

"  White  polyquinone  "  forms  small  plates,  which  are  insoluble 
in  the  ordinary  solvents,  melt  at  207- — ^07°'5,  and  at  higher 
temperatures  give  a  sublimate  of  phenylnaphthoquinone  (Zincke 
and  Breuer). 

Phenylnaphthoquinol,  C6H5.C10H5(OH)2,  is  obtained  by  warm- 
ing the  quinone  with  a  solution  of  stannous  chloride  or  hydriodic 
acid,  and  crystallizes  in  colourless  needles  or  plates,  which  melt 
at  92 — 93°,  and  quickly  undergo  oxidation  in  moist  air.  Its 
acetate,  C6H6.C10H6(O.CO.CH3)2,  forms  nodular  aggregates  of 
slender  yellow  needles,  and  melts  at  15T5 — 152°'5. 

PhenylnapMhoquinhydrone,  C16H10(OH)2  +  C16H10O2,  is  formed 
together  with  the  quinol  by  heating  the  quinone  with  aqueous 
sulphurous  acid  at  120° ;  it  crystallizes  from  a  mixture  of  benzene 
and  light  petroleum  in  thick  opaque  needles  with  a  steel-blue 
lustre,  which  melt  at  132 — 133°,  and  readily  undergo  oxidation 
in  alcoholic  solution,  reforming  the  quinone. 

Phenylhydroxynaphthoquinone,  C6H6.C10H4(OH)O2,  is  formed 
together  with  the  corresponding  quinol  by  heating  the  quinone 
with  dilute  caustic  soda,  and  is  precipitated  from  the  deep  red 
solution  by  hydrochloric  acid  in  reddish-yellow  flakes  or  slender 
needles.  It  crystallizes  from  hot  alcohol  in  lustrous  golden- 
yellow  prisms  or  needles,  showing  a  faint  dichroism,  melts  at 
143-5 — 144°-5,  and  sublimes  with  difficulty  and  simultaneous 
decomposition.  Dilute  potassium  permanganate  solution  oxidizes 
it  to  benzoic  and  phthalic  acids ;  in  alkaline  solution,  however, 
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benzoic  acid  and  phenylenehetonedicarboxylic  acid  are  formed. 
The  latter  separates  from  solution  as  an  oil,  -which,  after  remain- 
ing for  months,  solidifies  to  a  radial  crystalline  mass,  melting  at 
177 — 179° ;  on  strongly  heating  it  decomposes,  with  formation 
of  a  sublimate  of  phthalic  anhydride  : 

/CO.COOH  .CO. 

C6H  /  =  C6H  /       >0  +  CO  +  H20. 

\COOH  X3CK 

The  quinone  and  hydroxyquinone  must  therefore  have  the 
following  constitutional  formulae  : 

.CO— CH  /CO— C.OH 

C6H,<  ||  C6H4<  || 

\CO-C.C6H5  \CO— C.CaH5 

The  alkaline  salts  of  the  hydroxyquinone  have  a  deep  red 
colour,  and  are  readily  soluble  in  water  and  alcohol,  but  hardly 
in  concentrated  alkalis.  The  barium  salt  (C16H903)2Ba  separates 
from  dilute  alcohol  in  small  brown  needles,  of  thick,  almost 
black,  crystals.  The  acetate,  C16H9(O.CO.CH3)02,  crystallizes  in 
transparent  yellow  tablets,  melting  at  110 — 111",  and  the 
benzoate,  C16H9(O.CO.C6H5)02,  in  large  yellow  monosymmetric 
prisms  resembling  gypsum. 

Phenyltrihydroxynaphthalene,  C6H6.C10H4(OH)3,  is  formed  by 
heating  the  hydroxyquinone  with  hydriodic  acid,  and  crystallizes 
in  long  white  needles,  which  melt  at  72 — 73°,  and  quickly 
undergo  oxidation  in  presence  of  water  or  alcohol. 

Phenylnajphthohydroxyqtiinhydrone,GieH.9(0'H.)i+C16H.g(01I)02, 
is  prepared  by  heating  the  hydroxyquinone  with  sulphurous  acid 
at  120 — 130°,  and  forms  thick  plates  or  needles  with  a  steel 
blue  lustre,  which  melt  at  154 — 155°. 

Phenylamidonaphthoquinone,  C6H5.C10H4(NH2)O2,  is  obtained 
by  the  action  of  ammonia  on  an  alcoholic  solution  of  the  quinone, 
and  crystallizes  from  alcohol  in  broad  red  lustrous  plates,  which 
melt  at  173'5 — 174°,  and  sublime  in  small  red  plates.  On  boil- 
ino1  with  caustic  soda  or  heating  with  hydrochloric  acid  at 
140 — 150°  it  is  reconverted  into  the  hydroxyquinone. 

Phenylmethylamidonaphthoquinone,  C6H6.C10H4(lSrH.CH3)O2, 
crystallizes  in  broad  dark  red  plates. 
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Phenylanilidonaphthoquinone,  "C6H6.C10H4(NHC6H6)O2,  forms 
iark  red  needles  or  plates,  and  melts  at  158- — 158°-5. 

The  quinone  forms  similar  compounds  with  the  toluidines 
Mid  a-naphthylamine,  and  corresponds  therefore  exactly  to 
a-naphthoquinone  (Zincke). 

Phenyl- fi-ethoxy-p-diamidonaphthalene,  C6H5.C10Hi(OC2H5) . 
(NH2)2,  is  formed  by  the  action  of  stannous  chloride  and  hydro- 
chloric acid  on  an  alcoholic  solution  of  the  ethyl  ether  of  ben- 
zeneazo-/3-naphthol  (p.  257).  The  hydrochloride  crystallizes  in 
silky  needles,  and  the  normal  sulphate  is  very  sparingly  soluble  in 
water.  Alkalis  precipitate  the  base  in  white  flakes,  which  melt 
at  72°,  and  readily  darken  in  the  moist  condition ;  it  dissolves 
in  alcohol  with  a  greenish-blue,  and  in  ether  with  a  violet 
fluorescence.  Nitrous  acid  converts  it  into  the  tetrazo-com- 
pound,  which  yields  pure  blue  colouring  matters  with  naphthol- 
sulphonic  acids.1 

2771  a-Naphihylenephenylene  oxide,  C16H10O,  is  obtained  by 
heating  equal  parts  of  phenol  and  a-naphthol  with  four  parts  of 
lead  oxide : 

C6H5.OH  C6H4X 

+  PbO  =    I  >0  +  2H20  =  Pb. 

C10H7.OH  C10H/ 

It  crystallizes  from  benzene  in  yellowish  needles,  sparingly  soluble 
in  alcohol  and  acetic  acid,  melts  at  178°,  sublimes  at  280°,  and 
boils  above  360°.     It  is  not  reduced  by  heating  with  zinc  dust. 

With  picric  acid  it  forms  the  compound  C16H10O  +  2CaH3 
(N02)30,  which  crystallizes  from  benzene  in  dark  red  needles  or 
prisms,  melts  at  165°,  and  is  decomposed  by  alcohol. 

Dichloronaphthylenephenylene  oxide,  C16H8C120,  is  prepared  by 
the  action  of  phosphorus  pentachloride  or  chlorine  on  the  oxide, 
and  crystallizes  from  benzene  in  needles  melting  at  245°. 

Dibromonaphthylenephenylene  oxide,  C16H8Br20,  crystallizes 
from  benzene  in  white  needles,  and  melts  at  284°. 

Dinitronaphthylenephenylene  oxide,  C16H8(N02)20,  is  obtained 
crystalline  with  difficulty  from  toluene,  and  melts  at  235°. 

a-Naphthylenequinonephenylene  oxide,  Cl6H803,  is  formed  by 
adding  chromium  trioxide  to  an  acetic  acid  solution  of  the  oxide. 

1  Weinberg,  Bar.  20,  3177. 
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It  is  readily  soluble  in  alcohol  and  benzene,  and  crystallizes  in 
reddish-yellow  prisms,  melting  at  about  140°.  Alkalis  dissolve 
it  forming  a  red  solution,  and  with  sulphuric  acid  it  yields  a 
yellow  solution  showing  a  green  fluorescence.  On  heating  with 
zinc  dust  it  is  reduced  to  naphthylenephenylene  oxide,  and  is 
oxidized  by  potassium  permanganate  to  phthalic  acid. 

As  diphenyl  yields  no  similar  quinone,  it  is  probable  that  the 
quinone  group  is  in  the  naphthalene  nucleus,  as  shown  in  the 
following  constitutional  formula  : 

C6H2— CO— CH 

\  II 

CO— CH. 

ft -Naphthylenephenylene  oxide  is  obtained  from  /3-naphthol, 
phenol  and  lead  oxide,  and  separates  on  addition  of  alcohol  to  its 
toluene  solution  in  yellow  plates,  which  melt  at  296°,  are  only 
slightly  soluble  in  alcohol  and  ether,  and  somewhat  more  readily 
in  acetic  acid.  Its  solutions  according  to  their  concentration 
show  a  strong  violet  to  blue  fluorescence.  It  dissolves  in 
sulphuric  acid  with  a  pink  colour,  which  gradually  changes  to 
blue  ;  on  dilution  with  water  the  solution  shows  an  orange-red 
fluorescence.1 

j3-Naphthylenequinonephenylene  oxide,  C16H803,  was  prepared 
by  Graebe  and  Knecht  by  the  oxidation  of  naphthylphenyl- 
carbazole,  and  crystallizes  from  benzene  in  reddish-yellow 
prisms,  which  dissolve  in  alkalis  with  a  red  colour,  and  when 
heated  with  zinc  dust  yield  the  previous  compound. 

Naphihylphenylcarbazole  is  a  constituent  of  crude  anthracene, 
in  which  it  was  discovered  by  Brunck  ;  it  -is  also  formed  when 
the  vapour  of  phenyl-/3-naphthylamine  is  passed  through  a 
red-hot  tube : 

>NH  =    |         >NH  +  H„. 
n  tt/  OH/ 

When  prepared  from  crude  anthracene,  and  purified  by 
crystallization  or  sublimation,  it  contains  an  intense  greenish  or 

1  Arx,  Annalen,  209,  141. 
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golden-yellow  impurity  which  is  even  more  difficult  to  remove 
than  in  the  case  of  chrysene.  It  is  however  destroyed  by  fusion 
with  potash,  or  by  preparing  the  acetyl  derivative  and  reconvert- 
ing the  latter  into  the  carbazole. 

It  then  forms  colourless  plates,  which  are  almost  insoluble  in 
cold  alcohol,  benzene,  and  toluene  ;  at  the  boiling-point  100  parts 
of  alcohol  dissolve  0'25  parts,  and  100  parts  of  toluene  0-3  parts.1 
It  only  dissolves  slightly  in  boiling  acetic  acid,  but  readily  in 
hot  aniline,  the  solution  showing  a  blue  fluorescence.  It  melts 
at  330°,  and  boils  above  436°,  yielding  a  vapour  having  the 
sp.  gr.  7 "42.  It  combines  with  picric  acid,  forming  an  unstable 
compound. 

Acetylnaphthylcarbazole,  C16H10 :  N.CO.CH3,  is  prepared  by 
heating  the  carbazole  with  acetic  anhydride  at  220 — 240°, 
and  crystallizes  from  alcohol  in  flat  prisms,  which  melt  at  121° 
and  dissolve  readily  in  ether,  benzene,  and  hot  alcohol  with  a 
blue  fluorescence. 

Nitrosonaphthylcarbazole,  C10H10 :  N.NO,  is  formed  by  pouring 
ether  and  50  per  cent,  acetic  acid  on  to  the  carbazole  and  adding 
sodium  nitrite.  After  some  days  the  ethereal  solution  is 
evaporated,  the  nitroso-compound  being  then  deposited  in  long 
reddish  prisms,  which  melt  at  240°  and  dissolve  in  sulphuric 
acid,  forming  a  beautiful  violet  solution. 

Na/phthylphenylcarbazoline,  C16H15N,  is  prepared  by  heating 
the  carbazole  with  phosphorus  and  hydriodic  acid  at  200 — 220°. 
It  crystallizes  from  alcohol  in  needles,  and  forms  salts  which  are 
decomposed  by  boiling  water. 

Na/phthoguinonephenylcarlazole,  C16H9N02,  is  formed  together 
with  phthalic  acid  and  the  above  /3-naphthoquinonephenylene 
oxide,  by  the  oxidation  of  the  carbazole  with  dilute  sulphuric 
acid  and  potassium  permanganate,  and  may  be  readily  obtained 
pure,  as  it  is  insoluble  in  sodium  carbonate  solution.  It  crys- 
tallizes from  acetic  acid  in  reddish-yellow  needles,  melts  at 
307°,  and  sublimes  in  red  needles.  It  forms  a  beautiful  reddish- 
violet  solution  in  sulphuric  acid,  and  on  heating  with  zinc  dust 
re-forms  the  carbazole ;  with  potassium  permanganate  it  is 
oxidized  to  phthalic  acid.2 

These  compounds  have  the  following  constitution : 


1  Becchi,  Ber.  12,  1976. 

2  Graebe  and  Knecat,  Annalen,  202,  1- 
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Naphthylphenylcarbazole.  Naphthoquinonephenylcarbazolc. 


NH 


0       I      NH 


0-Naphth.ylenephenylene  oxide.  0-Naphthoquinonephenylene  oxide. 


2772  Phenyldihydronaphthalene  or  Atronol,  C16HU,  is  formed 
by  the  dry  distillation  of  a-isatropic  acid  (Part  V.,  p.  234) : 


C6H5N 


C6H,< 


C02H 


>C- 


-CH9 


-CH— CH, 


C6H5 


.CH CH 

C6H  /  ||      +  C02  +  CO  +  H20. 

\CH,— CH 


C02H 


It  is  a  transparent,  somewhat  thick  liquid,  which  has  a  faint 
pleasant  odour  and  boils  at  325 — 326° ;  at  ■ — 18°  it  forms  a  very 
viscous  mass  without  crystallizing,  and  is  oxidized  by  chromic 
acid  to  o-benzoylbenzoic  acid,  C6H6.CO.C6H4.C02H. 

Atronolsulphonic  acid,  C16H13.S03H,  is  obtained  by  gently 
warming  atronol  with  sulphuric  acid,  and  crystallizes  in  colour- 
less very  soluble  needles.  The  barium  salt,  (C1GH13S03)2Ba,  is 
so  little  soluble  in  cold  water  that  even  a  dilute  solution  of  the 
acid  is  precipitated  by  barium  chloride ;  it  crystallizes  from  a 
boiling  solution  on  cooling  in  silvery  plates. 
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Atronic  acid,  C16H13.C0.2H,  is  formed  in  small  quantity 
together  with  atronol,  and  crystallizes  from  alcohol  in  thick 
colourless  transparent  prisms,  melting  at  164°.  The  calcium 
salt,  (C16Hls.C02)2Ca  +  6H20,  is  obtained  on  addition  of 
calcium  chloride  to  a  solution  of  the  ammonium  salt,  as  a 
flocculent  precipitate,  which  quickly  changes  to  needles.  These 
are  sparingly  soluble  in  hot  water,  and  crystallize  out  on  cool- 
ing in  lustrous  needles,  which  on  filtering  and  drying  form  a 
mass  resembling  silver  foil.  The  harium  salt,  (C16H13C02)2Ba 
+  4H20,  is  very  similar  to  the  calcium  salt,  but  dissolves  much 
more  readily  in  boiling  water. 

Isatronic  acid,  C16H1S.C02H,  is  obtained  by  warming  a-  or 
/S-isatropic  acid  with  sulphuric  acid,  and  is  scarcely  soluble  in 
water,  but  readily  in  alcohol.  Its  solution  in  a  warm  mixture  of 
equal  volumes  of  alcohol  and  water,  even  when  very  dilute, 
yields  on  cooling  a  magma  of  nacreous  plates,  which  melt  at 
156 — 157°,  and  split  up  when  more  strongly  heated  into  carbon 
dioxide  and  atronol.  The  calcium  salt,  (C16H13.C02)2Ca,  is 
obtained  as  a  voluminous  precipitate  on  addition  of  calcium 
chloride  to  a  solution  of  the  ammonium  salt.  When  warmed  this 
increases  so  much  that  the  whole  resembles  a  mass  of  silica- 
jelly;  on  heating  with  more  water  to  the  boiling-point,  it 
separates  as  a  powder  which  is  scarcely  soluble  in  both  cold  and 
hot  water.  The  barium  salt,  (C16H13.C02)2Ba  +  6H20,  is  an 
amorphous  glutinous  precipitate,  which  crystallizes  from  boiling 
water  in  small  thick  prisms. 

Atronylenesulphonic  acid,  C16Hu.S03H,  is  formed  by  heat- 
ing isatropic  acid  or  isatronic  acid  with  sulphuric  acid  at  90°. 
It  is  insoluble  in  water,  and  crystallizes  from  dilute  acetic 
acid  in  large  colourless  transparent  prisms,  which  decompose 
above  200°,  but  are  unaffected  by  water  and  hydrochloric  acid 
at  150°.  Its  solution  in  aqueous  sodium  carbonate  shows  a 
characteristic  and  remarkable  behaviour  towards  light ;  if  kept 
in  the  dark  the  liquid  remains  quite  clear  even  after  several 
months,  but  on  exposure  to  light  becomes  turbid,  and  in  direct 
sunlight  quickly  yields  a  thick  white  precipitate  of  atronin- 
sulphcne  : 

C16Hu.S03Na  =  C16H10:SO2  +  NaOH. 

This  compound   crystallizes   from    alcohol    in   small    lustrous 
needles,  melting  at  193".1 

1  Fittig,  Annalen,  206,  46. 
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Phenyldimdhyltetrahydronaphthalene  or  Methronol,  ClaH20, 
was  prepared  by  Erdmann  by  the  continued  boiling  of  phenyl- 
methacrylic  acid  with  a  mixture  of  two  parts  of  sulphuric  acid 
and  three  parts  of  water : 

C6H5 

/CH3  .CH — CH.CEL 

2C6H6.CH:C<  =   C6H4<  |  +  2C02. 

xC02H  XCH2— CH.CH3 

It  is  a  yellow,  oily,  aromatic -smelling  liquid,  which  boils  at 
322 — 323°,  and  is  oxidized  by  chromic  acid  to  o-benzoylbenzoic 
acid ;  acetic  acid,  benzoic  acid,  and  anthraquinone  are  formed  as 
by-products.1 

Pseudophenanthrene,  C16H12,  is  isomeric  with  the  phenyl- 
naphthalenes,  but  its  constitution  is  unknown.  It  occurs  in 
crude  anthracene,  from  which  it  is  obtained  by  repeated  extrac- 
tion with  ethyl  acetate,  distilling  off  the  latter,  and  warming  the 
residue  with  alcohol  at  40°.  After  cooling,  the  insoluble  portion 
is  filtered  off  and  treated  with  a  quantity  of  benzene  insufficient 
for  complete  solution,  and  a  saturated  benzene  solution  of  picric 
acid  added.  The  picric  acid  compound  is  allowed  to  crystallize 
out  in  fractions,  the  first  portion  decomposed  by  ammonia,  and 
the  separated  hydrocarbon  recrystallized  from  alcohol.  It  is 
then  again  dissolved  in  alcohol  and  treated  with  a  cold  saturated 
alcoholic  solution  of  picric  acid ;  the  compound  thus  obtained 
yields  pure  pseudophenanthrene,  which  crystallizes  in  large 
lustrous  plates  and  melts  at  115°,  whilst  its  picric  acid  compound 
forms  pale  red  needles  and  melts  at  147°.  When  treated  with 
chromium  trioxide  in  acetic  acid  it  yields  a  yellow  quinone,  which 
melts  at  170°,  and  sublimes  with  great  difficulty.2 

1  Erdmann,  Annalen,  227,  247. 

2  Zeidler,  Annalen,  191,  285. 
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2773  Chrysene,  C18H12.  This  name  was  given  by  Laurent  on 
account  of  its  yellow  colour  to  a  hydrocarbon  found  in  the  last 
fractions  obtained  in  the  distillation  of  the  tar  from  coal  or  fat.1 
The  same  compound  in  a  more  or  less  pure  condition  had 
frequently  been  observed  previously ;  thus  Vogel  in  1805 
showed  that  amber  yields  on  distillation  a  "  volatile-amber 
resin,"  which,  as  Pelletier  and  Walter  found,  contained  a  hydro- 
carbon 2  undoubtedly  identical  with  chrysene.  By  passing  the 
vapour  of  coal-tar  through  a  red-hot  tube,  Kidd  obtained 
together  with  naphthalene  and  other  products  a  "  yellow  meal," 
which  certainly  contained  chrysene.3  It  is  also  obtained  by  the 
direct  distillation  of  coal-tar,  as  was  shown  by  Galletly  (who  was 
the  first  to  characterize  the  hydrocarbon  with  any  exactitude),4 
and  occurs  in  fir- wood  tar  5  and  in  lignite-tar.6 

Graebe  and  Bungener  obtained  it  synthetically  by  passing 
the  vapour  of  phenylnaphthylethane  through  a  red-hot  tube : 7 


C6H6.CH2 

C8H. — CH 

=      |           II        +  2H2. 

C10H7.CH2 

C10H6-CH 

It   is  also   formed  when  the  vapours    of  coumaron  (Part  V., 
p.  247)  and  naphthalene  are  passed  through  a  tube  heated  to 


dull  redness : 8 


1  Ann.  Ckim.  Phys.  II.  66,  163  ;  G.  Williams,  Jahresb.  1855,  633. 

2  Annalen,  48,  345. 

3  Phil.  Trans.  1821,  309  ;  Mansfield,  Quart.  Joum.  Chem.  Soc.  1,  248 ; 
Gmeliris  JSandb.  Org.  Chem.  4,  473  ;  Liebermann,  Annalen,  158,  299  ;  Schmidt, 
J.  Pr.  Chem.  II.  9,  270. 

4  Jahresb.  1865,  532.  6  Berthelot,  Jahresb.  1867,  599. 
6  Ber.  12,  1078.  7  Ader,  Bcr.  12,  1889. 

8  Kramer  and  Spilker,  Ber.  23   84. 


536  CHRYSENE  DERIVATIVES 

C6H4-CH  C6  H4.CH 

|  ||        +  C10H„  =|         ||         +  H20. 

0 CH  C10H6.CH 

From  these  syntheses  it  appears  that  chrysene  stands  to 
phenylnaphthalene  in  the  same  relation  as  phenanthrene  to 
diphenyl. 

For  its  thorough  investigation  we  are  indebted  in  the  first 
place  to  Liebermann,  who  obtained  it  from  the  material  employed 
by  Graebe  for  the  preparation  of  pyrene  (p.  357).  The  sub- 
stance remaining  after  repeated  extraction  with  carbon  disul- 
phide  was  crystallized  from  coal-tar  xylene,  and  thus  obtained  in 
lustrous  yellow  scales  or  plates.  The  colour,  however,  is  due  to 
a  minute  quantity  of  an  impurity,  which  is  destroyed  by  boiling 
with  alcohol  and  a  little  nitric  acid. 

Schmidt  isolated  chrysene  from  crude  anthracene  by  boiling 
the  latter  with  alcohol  and  nitric  acid,  which  causes  the  forma- 
tion of  the  compound  of  chrysene  and  dinitroanthraquinone 
described  below ;  this  was  then  decomposed  by  tin  and  hydro- 
chloric acid,  and  the  chrysene  recrystallized  from  benzene. 

It  is  sparingly  soluble  in  cold  ether,  carbon  disulphide,  or 
acetic  acid,  and  crystallizes  from  boiling  benzene  or  acetic  acid 
in  scales  or  small  rhombic  tablets,  which  like  the  solutions 
show  a  reddish-violet  fluorescence.  According  to  Becchi  100 
parts  of  absolute  alcohol  dissolve  0'097  parts  of  chrysene  at  16°, 
and  0'17  parts  at  the  boiling-point,  whilst  100  parts  of  toluene 
dissolve  0"24  parts  at  18°,  and  5'39  parts  at  the  boiling-point.1 
Chrysene  melts  at  250°,  sublimes  at  a  lower  temperature  in 
loose  aggregates  of  lustrous  plates,  and  boils  at  about  440°, 
yielding  a  vapour  of  the  sp.gr.  7"95.2  When  gradually  heated 
with  antimony  pentachloride  to  360°  it  yields  tetrachloro- 
methane,  hexchlorethane,  and  hexchlorobenzene.3 

Chrysene  picric  acid,  C18H12  +  C6H3(N02)30,  was  prepared  by 
Galletly  by  mixing  the  constituents  in  alcoholic  solution,  and 
crystallizes  in  long  red  needles.  It  is  also  formed,  according  to 
Berthelot,  by  boiling  an  alcoholic  chrysene  solution  with  an 
excess  of  picric  acid,  whilst  cold  alcohol  converts  it  into  pseudo- 
morphs  of  chrysene  (Liebermann). 

Chrysene  dinitroanthraquinone,  C18H12  +  CuH6(N02)202,  crys- 
tallizes in  slender  red  needles,  melts  at  294°,  and  is  almost  in- 

1  Ber.  12,  1976.  2  Knecht,  Ber.  10,  2073. 

3  Ruoff,  Ber.  16,  2881. 
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soluble  in  boiling  alcohol,  ether,  and  benzene ;  it  dissolves 
somewhat  more  readily  in  acetic  acid.  Oxidizing  or  reducing 
agents  convert  it  into  its  constituents,  which  may  then  undergo 
further  alteration  according  to  the  nature  of  the  agent.  When 
carefully  heated  it  sublimes  in  beautiful  red  needles,  but  decom- 
poses into  chrysene  and  dinitroanthraquinone  on  repeated 
sublimation  at  a  high  temperature. 

Helckaidecahydrochrysene,  C18H28,  is  formed  together  with  the 
following  compound  by  heating  1  part  of  chrysene  with  1 
part  of  amorphous  phosphorus  and  5  parts  of  hydriodic  acid 
(sp.  gr.  1'7)  at  250 — 260°  for  sixteen  hours,  and  is  a  thick,  oily, 
slightly  fluorescent  liquid,  which  boils  at  about  360°. 

Perhydrochrysene,  C]8H30,  crystallizes  from  alcohol  in  snow- 
white  needles,  melts  at  115°,  boils  at  353°,  and  is  not  attacked 
in  the  cold  by  bromine  or  concentrated  nitric  acid.  On  boiling 
with  chromium  trioxide  in  acetic  acid  solution  it  does  not  yield 
chrysoquinone,  but  undergoes  complete  oxidation.  It  may  be 
distilled  over  pumice-stone  at  a  moderate  red  heat  without 
decomposition,  but  is  converted  for  the  most  part  into  chrysene 
by  red-hot  zinc  dust.  Hekkaidecahydrochrysene  behaves  in  a 
very  similar  manner.1 

I)ichlorochrysene,  C18H]0C12,  is  formed  by  passing  chlorine 
over  chrysene  at  100°,  and  crystallizes  from  benzene  in  delicate 
white  needles,  melts  at  267°,  and  on  more  strongly  heating  sub- 
limes in  beautiful  needles.  It  is  scarcely  soluble  in  boiling 
alcohol  or  ether  (Schmidt). 

Trichlorochrysene,  C13H9C13,  is  obtained  by  the  action  of 
chlorine  on  chrysene  at  160 — 170°.  The  only  liquid  in  which 
it  dissolves  to  any  extent  is  benzene ;  from  this  solution  it 
crystallizes  in  slender  needles,  melting  above  300°. 

Dibromochrysene,  C18H10Br2,  is  prepared  by  treating  a  carbon 
disulphide  solution  of  chrysene  with  bromine,  and  crystallizes 
in  lustrous  white  needles,  which  melt  at  273°,  and  dissolve  only 
in  benzene.  It  sublimes  without  decomposition  in  beautiful 
needles,  and  is  converted  by  alcoholic  potash  at  170 — 180°  into 
chrysene,  the  alcohol  probably  undergoing  oxidation. 

Mirochrysene,  C^H^NO,;),  is  readily  obtained  by  triturating 
10  grams  of  chrysene  with  100  grams  of  acetic  acid,  adding 
4"5  grams  of  nitric  acid  of  sp.  gr.  1-415,  and  warming  for  several 
hours  on  the  water-bath.     It  is  sparingly  soluble  in  acetic  acid 


Lieberniann  and  Spiegel,  Bcr.  22,  135. 
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and  benzene,  and  crystallizes  from  the  latter  in  yellow  stellate 
groups  of  prisms,  whilst  from  nitrobenzene,  in  which  it  readily 
dissolves,  it  separates  in  beautiful  red  crystals  resembling 
potassium  dichromate,  which  melt  at  205°'o,  and  sublime  in 
needles.1 

Dinitrochrysene,  C13H10(NO2)2,  is  formed  by  warming  the 
hydrocarbon  for  a  long  time  with  nitric  acid  of  sp.  gr.  1*3.  The 
reddish-yellow  powder  thus  formed  contains  also  the  nitro-  and 
tetranitro-derivatives,  and  was  described  by  Laurent  as  "Nitrite 
de  chrysenasc,"  C12H60  +  N203.  On  heating  it,  the  tetranitro- 
compound  decomposes,  whilst  the  nitro-  and  dinitro-compounds 
sublime,  and  are  separated  by  means  of  benzene,  in  which  the 
latter  is  very  slightly  soluble.  Dinitrochrysene  crystallizes  from 
acetic  acid,  in  which  it  also  dissolves  but  sparingly,  in  slender 
yellow  needles,  melting  above  300°. 

Tetranitrochrysene,  C^H^NO^),,,  is  formed  by  the  action  of 
fuming  nitric  acid  on  chrysene  (Liebermann),  or  by  heating 
the  foregoing  compound  with  concentrated  acid  (Schmidt),  and 
crystallizes  from  acetic  acid  in  yellow  needles,  which  do  not 
melt  at  300°.  and  on  further  heating  explode  somewhat 
violently. 

Tribromodinitrochrysene,  C18H7Br3(N02)2,  was  prepared  by 
Adler  by  the  action  of  bromine  on  the  foregoing  compound ; 
it  crystallizes  from  alcohol  in  red  needles,  and  is  sparingly  soluble 
in  ether  and  benzene. 

Amidochrysene,  C18HU.NH2,  was  obtained  by  Abegg  by  heat- 
ing nitrochrysene  with  hydriodic  acid  and  phosphorus.  It  is 
also  formed  when  10  grams  of  nitrochrysene  are  dissolved  in 
boiling  acetic  acid,  7  grams  of  granulated  tin  added,  and  then 
hydrochloric  acid  drop  by  drop  till  the  solution  is  colourless. 
The  stannochloride  then  separates  out,  and  is  decomposed  by 
boiling  with  dilute  caustic  soda,  the  liberated  base  dissolved  in 
alcohol  and  mixed  with  hydrochloric  acid,  which  yields  the 
hydrochloride  in  the  pure  condition. 

Amidochrysene  is  obtained  from  its  salts  as  a  white  crystalline 
powder,  which  is  insoluble  in  water,  but  dissolves  readily  in 
alcohol,  benzene,  and  especially  in  chloroform,  with  a  bluish- 
violet  fluorescence.  The  solutions  very  readily  become  brown, 
and  the  recrystallized   base   has  therefore   generally  a   slight 

1  Schmidt,  loc.  cit.  ;  Abegg,  Bar.  23,  792  ;  Bamberger  and  Burgdorf,  Bar.  23, 
2444. 
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chocolate  tinge.  It  melts  at  199°,  and  gives  with  diazo- 
benzenesulphonic  acid  a  raspberry-red  colouring  matter,  which 
dissolves  in  dilute  alcohol  with  a  beautiful  blue  fluorescence. 

The  hydrochloride  and  sulphate  are  almost  insoluble  in  water 
and  alcohol,  but  the  latter  dissolves  readily  in  concentrated 
sulphuric  acid  (Bamberger  and  Burgdorf). 

2774  Chrysoquinone,  C18H10O2,  is  best  prepared  by  mixing 
loosely  aggregated  crystallized  chrysene  with  acetic  acid,  and 
adding  a  little  chromium  trioxide.  After  the  first  reaction  is  over 
the  mixture  is  heated  to  boiling;  as  soon  as  the  liquid  has 
partially  cooled  more  chromium  trioxide  is  added,  and  the 
process  repeated  till  3  parts  of  chromium  trioxide  have  been 
used  for  every  2  parts  of  chrysene  ;  the  boiling  solution  is  then 
filtered,  and  the  filtrate  precipitated  with  water.  The  precipitate 
is  washed  with  boiling  water,  and  dissolved  in  sulphuric  acid  to 
remove  unaltered  chrysene ;  water  is  again  added  to  the  solution, 
and  the  precipitate  repeatedly  crystallized  from  boiling  benzene 
(Liebermann).  It  forms  beautiful  reddish-yellow  needles,  melts 
at  235°,  and  sublimes  in  splendid  red  needles  (Schmidt).  Cold 
concentrated  sulphuric  acid  dissolves  it,  forming  a  cornflower- 
blue  solution,  the  colour  of  which  is  so  intense  that  an  un- 
weighable  particle  of  chrysenequinone  may  be  thus  recognized. 
On  addition  of  water  the  quinone  separates  out,  and  the  solution 
is  completely  decolourized.  Its  hot  alcoholic  solution  gives 
with  a  drop  of  caustic  potash  the  dark-red  colouration  character- 
istic of  o-diketones,  which  disappears  on  shaking.1  On  heating 
with  zinc  dust  it  is  reduced  to  chrysene,  and  with  potassium 
permanganate  it  yields  phthalic  acid,  which  is  also  formed  in 
the  preparation  of  the  quinone. 

Chrysoquinone  also  dissolves  in  a  warm  solution  of  acid 
sodium  bisulphite,  and  if  the  solution  is  sufficiently  concentrated, 
colourless  crystals  separate  out,  which  are  decomposed  by 
water.2 

Chrysoquinol,  C18H10(OH)2.  Liebermann  prepared  this  com- 
pound by  boiling  the  quinone  with  caustic  potash  and  zinc  dust, 
and  Graebe  obtained  it  by  heating  the  former  with  sulphurous 
acid  at  100°.  It  forms  colourless  needles,  which  readily  undergo 
oxidation  in  the  moist  condition.  This  also  takes  place  if  the 
anhydrous  compound  be  heated  to  200°,  or  by  dissolving  it  in 


1  Bamberger,  Ber.  18,  865,  1931. 
■  Graebe,  Ber.  7,  782. 
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sulphuric  acid  and  shaking  the  yellowish-green  solution  in  the 
air,  when  it  assumes  the  characteristic  cornflower-blue  colour. 

Dichlorochrysoquinone,  C18H8C1202,  is  formed  by  heating  the 
quinone  with  phosphorus  chloride  at  200°,  and.  separates  on 
addition  of  alcohol  in  pale  yellow  flakes. 

Dibromochrysoquinone,  C18H8Br202,  was  prepared  by  Adler  by 
the  action  of  bromine,  and  crystallizes  from  carbon  disulphide  in 
red  plates,  melting  at  160 — 165°. 

Dinitrochrysoquinone,  C18H8(N02)202,  is  formed  by  dissolving 
the  quinone  in  nitric  acid  of  sp.  gr.  1'4,  and  is  precipitated  from 
the  beautiful  red  solution  by  addition  of  water.  It  crystallizes 
from  a  mixture  of  acetic  acid  and  alcohol  in  red  needles,  melting 
at  230°  (Adler). 

Tetranitrochrysoquinone,  C18H6(N02)402,  was  obtained  by 
Liebermann  by  the  action  of  fuming  nitric  acid  on  chryso- 
quinone.  It  is  an  orange-yellow  powder,  insoluble  in  most  of 
the  usual  solvents. 

Chrysoglycollic  acid  is  prepared  by  boiling  amorphous  chryso- 
quinone  with  caustic  soda,  the  latter  being  best  obtained  by 
precipitating  the  sulphuric  acid  solution  with  water : 

C6H,  .CO  C6  H4. 

|  |       +  HONa  =    I         \C(OH).COONa. 

C10H6.CO  C10H/ 

It  is  precipitated  in  flakes  on  addition  of  acids,  and  readily 
undergoes  decomposition.  On  warming  with  dilute  sulphuric 
acid  and  potassium  dichromate  it  is  oxidized  to  chrysohetone, 
which  is  more  readily  obtained  by  heating  the  quinone  with 
lead  oxide : 

C6H4.  CO  C6  H4X 

|  |       +  PbO  =  |        ^CO  +  C02  +  Pb. 

C10H6.CO  C10H6 

It  sublimes  in  thin  golden-yellow  silky  needles  or  orange-rea 
prisms,  which  melt  at  132°-5,  and  crystallizes  on  cooling  in  long 
ruby-red  needles  (Bamberger  and  Burgdorf).  It  is  reduced  by 
zinc  and  hydrochloric  acid  to  chrysofiuorenyl  alcohol,  C17Hu.OH, 
which  crystallizes  in  silky  needles  or  plates,  melts  at  166 — 167°, 
dissolves  in  sulphuric  acid  with  a  reddish-violet,  and  in  alcohol 
with  a  blue  colour. 
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Chi-ysofaiorene,  C17H12,  is  obtained  by  beating  tbe  ketone  with 
hydriodic  acid  and  pbosphorus  at  150 — 160°,  and  crystallizes  in 
silver-white  satiny  plates,  melting  at  187 — 1880.1 

Chrysenic  acid,  C16Hn.C02H,  is  prepared  by  fusing  chrysene- 
quinone  or  chryseneketone  with  potash,  and  also  crystallizes  in 
silver-white  satiny  plates.  It  is  sparingly  soluble  in  water, 
readily  in  alcohol,  and  melts  at  186°-5.  If  it  is  dissolved  in 
sulphuric  acid,  and  the  solution  poured  into  ice-water,  chryso- 
ketone  is  re-formed.  Its  constitution  is  represented  by  one  of 
the  following  formulas  : 

C8H5  C6H,CO,H 

I  I 

C10H6.CO2H  C10H7 

1  Bamberger  and  Eranzfeld,  Bar.  18   1931. 
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DINAPHTHYL  GROUP. 

2775  a-Dinaphthyl,  C20H14,  was  obtained  by  Lossen  together 
with  phthalic  acid  and  other  products  by  boiling  naphthalene 
with  dilute  sulphuric  acid  and  manganese  dioxide,  and  also  in 
small  quantity  by  the  action  of  sodium  on  a-bromonaphtha- 
lene.1  It  is  obtained,  further,  together  with  its  two  isomerides, 
when  a  mixture  of  the  vapours  of  naphthalene  and  antimony 
trichloride  or  tin  tetrachloride  is  passed  through  a  red-hot  tube,2 
and  is  also  readily  prepared  by  distilling  /3-dinaphthol  with 
10 — 15  parts  of  zinc  dust.3  It  crystallizes  from  alcohol  in 
octohedra,  and  from  light  petroleum  in  rhombic  tablets,  melts 
at  154°,  and  boils  above  360°,  yielding  a  vapour  of  sp.  gr.  8-67. 
Its  solutions  show  a  blue  fluorescence,  and  it  gives  with  picric 
acid  the  compound  C20H14  +  2C8H3(N02)30,  which  crystallizes 
from  benzene  in  reddish -brown  needles,  melting  at  145°;  it 
becomes  yellow  and  decomposes  in  the  air.4 

Dibrom-a-dinaphtliyl,  CjoH^Br^  was  prepared  by  Lossen  by 
acting  on  a-dinaphthyl  with  bromine  vapour ;  it  crystallizes  from 
benzene  in  thin,  strongly  refractive  prisms,  melts  at  215°,  and  is 
volatile  without  decomposition. 

Nitro-a-dinaphthyl,  C20H13.NO2,  is  formed  by  dissolving 
10  grams  of  a-dinaphthyl  in  150  cc.  of  acetic  acid,  and  adding 
20  grams  of  concentrated  nitric  acid.  The  product  which  has 
separated  after  some  hours  is  crystallized  from  benzene,  and  then 
forms  orange-yellow  lustrous  plates,  melts  at  188°,  and  dissolves 
in  hot  sulphuric  acid  with  a  dark  blue  colour. 

Dinitro-a-dinaphthyl,  C20H12(NO2)2.  Julius  obtained  this 
compound  in  a  similar  manner  to  the  foregoing,  using  80  grams 

1  Annalcn,  144,  71. 

»  W.  Smith,  Journ.  Chem.  Soc.  1877,  H.  559  ;  1879,  I.  224. 

3  Julius,  Ber.  19,  2549.  4  Walder,  Ber.  15,  2166. 
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of  nitric  acid,  and  finally  warming  to  60°.  It  crystallizes  from 
benzene  in  small  pale  yellow  needles,  which  melt  at  280°,  and 
only  dissolve  to  any  appreciable  extent  in  acetic  acid,  benzene, 
and  xylene. 

Dihydroxy-a-dinaphthyl,  C20H12(OH)2.  This  substance  was 
obtained  by  Dianin  by  the  action  of  ferric  chloride  on  an 
aqueous  solution  of  /3-naphthol,  and  was  termed  by  him  /8- 
dinaphthol.1  A  better  yield  is  obtained  by  adding  anhydrous 
ferric  chloride  to  an  ethereal  solution  of  /3-naphthol,  and  boiling 
the  solution  when  the  first  reaction  has  moderated  (Walder). 
It  crystallizes  from  alcohol  in  flat  lustrous  white  needles,  from 
benzene  in  rounded  plates,  and  from  a  mixture  of  carbon  disul- 
phide  and  alcohol  in  large  oblique  prisms,  which  melt  at  218°, 
and  decompose  into  /3-naphthol  on  distillation.  With  ferric 
chloride  it  gives  a  pale  green  colouration,  which  changes  on 
warming  to  bright  red  and  then  to  brown.  It  is  reduced  to 
<x-dinaphthyl  on  heating  with  zinc  dust,  and  is  oxidized 
by  potassium  permanganate  to  hydroxynaphthoylbenzoic  acid, 
C10H6(OH).CO.C6H4.CO2H.  Its  picric  acid  compound,  C20HuO2 
+  2C6H3(N03)20,  crystallizes  from  benzene  in  yellowish- white 
spear-shaped  needles,  melts  at  174°,  is  more  readily  soluble  in 
benzene  than  /3-dinaphthol,  and  becomes  yellow  in  the  air. 

Dimethoxy-a-dinaphthyl,  C20H12(OCH3)2,  is  formed  by  heating 
/3-dinaphthol  with  alcoholic  potash  and  methyl  iodide,  and  crys- 
tallizes in  pyramid-shaped  crystals,  melting  at  190°. 

Diethoxy-a-dinaphthyl,  C20H12(OC2H6)2,  forms  spherical  aggre- 
gates of  needles,  and  melts  at  90°.2 

a-fi-Dinaphthylene  oxide,  C20H12O,  is  obtained  by  heating 
/3-dinaphthol  with  zinc  chloride  at  270°,  and  separates  from 
benzene  solution  on  addition  of  alcohol  in  yellowish  satiny 
plates  ;  it  readily  sublimes  in  yellowish  plates  which  have  a 
green  fluorescence,  and  melt  at  157°.  It  dissolves  in  concen- 
trated sulphuric  acid,  forming  a  red  solution,  which  gradually 
becomes  brown.  Its  picric  acid  compound,  C20H12O  +  C6H3 
(N03)20,  crystallizes  in  red  needles,  melting  at  135°.3 

Tetrahydroxy-a-dinaphthyl  or  dinaphthyldiquinol,  C20H10(OH)4. 
When  1  part  of  /3-naphthoquinone  is  warmed  for  ten  minutes 
at  55°  with  1  volume  of  sulphuric  acid  and  2  volumes  of  water, 
it  yields  the  isomeric  dinaphthyldiquinhydronc,  C20Hll)O2(OH)2, 

1  Ber.  7,  1252.  2  Ostermeyer  and  Rosenhek,  Ber.  17,  2453. 

3  Walder,  Ber.  15,  2166. 
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which  forms  a  blue-black  powder,  and  is  converted  by  a 
saturated  solution  of  sulphur  dioxide  into  the  quinol.1  The 
latter  is  also  formed  by  treating  /3-naphthoquinone  with 
stannous  chloride  and  hydrochloric  acid,2  and  together  with  /3- 
naphthoquinonephenylhydrazone  by  the  action  of  phenyl- 
hydrazine  hydrochloride  on  /3-naphthoquinone.3 

It  crystallizes  from  dilute  acetic  acid  containing  sulphurous 
acid  in  colourless  needles,  melts  at  176 — 178°,  and  darkens  on 
drying  owing  to  partial  oxidation. 

Tetracdyldinaphthyldiquinol,  C20H10(O.CO.CH3)4,  is  prepared 
by  heating  the  diquinol  with  acetic  anhydride  and  sodium 
acetate,  and  crystallizes  from  acetic  acid  in  white  silky  needles, 
which  melt  with  decomposition  at  165 — 166°  (Korn). 

a-Dinaphthyldiquinone,  C20H10O4,  is  formed  by  boiling  the 
quinbydrone  with  nitric  acid,  or  dilute  sulphuric  acid  and 
potassium  dichromate,  or  by  shaking  the  diquinol  with  bromine 
water  (Stenhouse  and  Groves).  It  is  also  obtained  when 
2-amido-a-naphthol  is  oxidized  with  ferric  chloride  or  chromic 
acid  (Zincke  and  Rathgen).  In  order  to  prepare  it  a  solution  of 
the  quinhydrone  in  30  per  cent,  acetic  acid  is  poured  into  nitric 
acid  of  sp.  gr.  1*45  ;  the  diquinone  then  separates  in  small 
orange-red  lustrous  prisms,  which  are  scarcely  soluble  in  the 
ordinary  solvents,  but  may  be  recrystallized  from  nitric  acid.  It 
is  converted  by  reducing  agents  into  the  diquinol,  and  on  dis- 
tillation with  zinc  dust  yields  a-dinaphthyl.  Potassium  per- 
manganate oxidizes  it  to  diphthalylic  acid,  HO.CO.C6H4.GO. 
CO.C6H4.CO.OH,  which  on  boiling  with  caustic  potash  yields 
phthalic  acid,  thus  showing  the  constitution  of  the  quinone 
(Korn,  v.  infra). 

I)inapMhyldiquinonetetranilidetGioIla02Q^.C6Tl5\(l^'H.GeTI&)2, 
is  prepared  by  boiling  the  quinone  with  aniline  and  a  little  alcohol, 
and  crystallizes  in  dark  red  plates,  which  have  a  metallic  lustre, 
and  melt  at  248 — 250°.  If  water  be  added  to  its  solution  in 
concentrated  hydrochloric  acid,  the  hydrochloride  separates  in 
fascicular  aggregates  of  needles. 

Bihydroxydinaphthyldiquinone,  C20H8O4(OH)2,  is  formed  when 
a  mixture  of  the  quinone  and  dilute  alkali  is  allowed  to 
stand  in  the  air  ;  the  former  gradually  dissolves  with  a  beautiful 
green  colour,  which  afterwards  changes  to  brownish  red.     On 

1  Stenhouse  and  Groves,  Annalen,  194,  202. 

2  Liebermann  and  Jacobson,  Annalen,  211,  58  ;  Korn,  Ber.  17,  3019. 

3  Zincke  and  Rathgen,  Ber.  19,  2492. 
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addition  of  hydrochloric  acid,  the  new  compound  separates  as  a 
yellow  crystalline  powder,  which  melts  at  245 — 250°,  is  readily 
soluble  in  alcohol,  and  also  in  alkalis,  forming  a  brownish-red 
solution.  In  the  oxidation  of  the  quinone  with  potassium  per- 
manganate, the  formation  of  this  compound  probably  precedes 
that  of  diphthalylic  acid. 

The   constitution    of  the  a-dinaphthyl    derivatives  may  be 
represented  by  the  following  formula? : 


Dihydroxydinapktkyl. 


Dinaphthylene  Oxide. 


Dinaphthyldiquinol. 

OH 


Dinaphthyldiquinone. 

o 


Dihydroxydinaphthyl- 
diquinone. 

0 


OH 


2776  Naphthidine,  C20H12(NH.>)2,  is  obtained  by  dissolving 
a-a-azonaphthalene  in  45  parts  of  hot  acetic  acid,  and  adding  a 
mixture  of  1  part  of  stannous  chloride,  3  parts  of  hydrochloric 
acid,  and  2 — 3  parts  of  water  until  the  solution  is  colourless. 
Concentrated  hydrochloric  acid  is  then  added,  the  precipitated 
salt  washed  with  dilute  acid,  dissolved  in  hot  water,  and  again 
precipitated  with  concentrated  acid.  The  naphthidine  obtained 
from  the  purified  hydrochloride  crystallizes  from  alcohol  in 
silvery  plates  resembling  benzidine,  and  from  benzene  in  tablets, 
melting  at  198°. 

The  hydrochloride,  C20H12(NH3Cl)2,crystallizes  in  silvery  plates, 
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which  form  a  milky  solution  with  hoiling  water.  Addition  of  a 
drop  of  hydrochloric  acid  immediately  causes  the  formation  of  a 
clear  solution,  and  the  turbidity  is  therefore  probably  due  to  a 
slight  dissociation. 

The  sulphate,  C20H12(NHs)2SO4,  is,  if  anything,  less  soluble  than 
that  of  benzidine,  and  crystallizes  in  lustrous  plates. 

Ferric  chloride,  chromic  acid,  or  chlorine  cause  with  solutions 
of  the  salts  a  beautiful  crimson  colouration,  or  with  concentrated 
solutions  a  red  precipitate.  On  warming  the  base  with  chromic 
acid,  a-naphthoquinone  and  phthalic  acid  are  formed. 

If  the  sulphate  be  diazotized,  and  alcohol  and  ether  added  to 
the  solution,  yellowish  plates  of  the  diazo-sulphatc  separate  out, 
which  on  boiling  with  alcohol  yield  a-dinaphthyl. 

Dinaphthyline,  C20H12(NH2)2,  is  obtained  by  carefully  warming 
a-a-hydrazonaphthalene  with  the  calculated  quantity  of  dilute 
hydrochloric  acid  to  70 — 80°.  A  little  naphthidine  simultane- 
ously formed  separates  out  on  addition  of  concentrated  hydro- 
chloric acid ;  dinaphthyline  is  obtained  from  the  filtrate,  and 
crystallizes  from  benzene  in  colourless  plates,  melting  at  273°. 
Its  readily  soluble  salts  lose  ammonia  on  boiling  with  even  weak 
acids,  forming  the  corresponding  carbazole.  The  solutions  are 
readily  turned  brown  by  oxidizing  agents,  and  yield  phthalic 
acid  alone  on  warming  with  chromic  acid.  By  means  of  the 
diazo-reaction  it  also  yields  a-dinaphthyl.1 

These  two  bases  correspond  exactly  to  benzidine  and  dipheny- 
line  (pp.  399,  411) ;  as  dinaphthyline  so  readily  yields  a 
carbazole,  the  amido-groups  must  be  close  together,  and  the 
constitution  of  the  two  compounds  may  be  represented  by  the 
following  formulae : 


NIL 


NH2 
NIL 


NIL 


Nietzki  and  Goll,  Bcr.  18,  3252. 
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Diamido-a-dinaphthyl,  C20H12(NH2)2,  -was  prepared  by  Julius 
by  tbe  reduction  of  the  nitro-compound  with  zinc  dust  and  hydro- 
chloric acid.  The  hydrochloride  thus  obtained  crystallizes  from 
water  containing  hydrochloric  acid  in  small  needles,  which  be- 
come green  in  the  air.  If  it  be  treated  with  ammonia,  ex- 
tracted with  ether,  and  the  ethereal  solution  evaporated,  the 
base  remains  as  a  green  amorphous  residue.  On  addition  of 
ferric  chloride  to  a  solution  of  the  hydrochloride,  di-imidodi- 
naphthalene  hydrochloride  is  obtained  in  dark  brown  needles, 
having  a  bronze  lustre  : 


C10H6.NH3C1  C10H6.NH2C1 

|  +  2FeCL  =|  |  +  2FeCl2  +  2HC1. 

C10H6.NH3C1  C10H6.NH2C1 

It  is  reconverted  by  reducing  agents  into  the  diamido-com- 
pound. 

Ditolyldiamido-a-dinaphthyl,  C20H12(NH.C6H4.CH3)2,  is  formed 
when  p-tolyl-/S-naphthylamine  is  warmed  with  nitrosodimethyl- 
aniline  hydrochloride,  zinc  chloride,  and  acetic  acid,  or  boiled 
with  ferric  chloride  and  acetic  acid.  It  is  purified  by  washing 
with  acetic  acid,  boiling  water,  and  alcohol,  and  is  thus  obtained 
in  shimmering  white  crystals,  which  melt  at  224 — 225°,  and  are 
only  dissolved  sparingly  by  the  ordinary  solvents,  forming  solu- 
tions which  show  a  beautiful  blue  fluorescence.  Its  solution  in 
concentrated  sulphuric  acid  is  coloured  grass  green  by  a  trace  of 
nitrous  acid.1 

a-a-Dinaphthylcarbazole,  C20H13N,  gradually  separates  out  on 
heating  a  solution  of  dinaphthyline  in  hydrochloric  acid  to  the 
boiling-point : 


C10H6.NH2        C10H6X 


>NH  +  NH3. 
C10H6.NH2        C10H/ 


It  crystallizes  from  acetic  acid  or  benzene  in  long  colourless 
needles,  and  from  alcohol  in  silvery  plates,  melts  at  216°,  and 
sublimes  in  needles.  It  dissolves  in  sulphuric  acid  with  a 
reddish-brown  colour,  which  is  changed  by  a  trace  of  nitric  acid 
to  dark  green. 

i  Witt,  Ser.  21,  726. 
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With  picric  acid  it  yields  the  compound  C20H13N  + 
C6H3(N02)30,  which  melts  at  236°.  On  addition  of  sodium 
nitrite  to  an  acetic  acid  solution  of  the  carbazole,  the  nitros- 
amine,  C20H12N.NO,  separates  in  yellow  plates,  melting  above 
800° ;  and  on  heating  with  acetic  anhydride,  it  forms  the 
acefyZ-compound,  C20H12N.CO.CH3,  which  crystallizes  in  colour- 
less needles  (Nietzki  and  Goll). 

a-fi-Dinaphthylcarlazole,  C20H13N,  is  formed  by  heating  /3- 
dinaphthol  with  zinc-chloride-ammonia  at  320 — 330°,  and  crys- 
tallizes from  alcoholic  ether  in  white  lustrous  needles,  melts 
at  159°,  and  dissolves  in  sulphuric  acid  with  a  blood  red  colour. 
Its  picric  acid  compound,  C20H13N  +  2C6H3(N02)30,  crystallizes 
from  benzene  in  small  black  needles,  which  have  a  violet-blue 
lustre,  and  melt  at  219°.  The  acetyl-deriva,tive,  C20H12N. 
CO.CH3,  obtained  by  heating  the  carbazole  with  acetic  anhydride 
and  sodium  acetate,  crystallizes  from  alcoholic  ether  in  white 
satiny  plates,  and  melts  at  144°. 

Fhenyl-a-/3-dinaphthylcarbazole,  C20H12N.C6H6,  was  prepared 
by  Walder  by  heating  ,8-dinaphthol  with  zinc-chloride-aniline, 
and  crystallizes  from  benzene  on  addition  of  alcohol  in  yellowish 
prisms,  which  have  a  diamond  lustre,  melt  at  144°,  and  dissolve 
in  sulphuric  acid  with  a  violet  colour.  The  picric  acid  com- 
pound, C26HnN  +  2C6H3(N02)30,  forms  reddish-brown  lustrous 
needles,  and  melts  at  169°. 

The  constitution  of  the  two  carbazoles  is  represented  by  the 
following  formulae : 


\nh 


NH 


2777  ft-Dinaphthyl  or  Isodinaphthyl,  C20H12,  is  formed  in 
quantity  when  the  mixed  vapours  of  naphthalene  and  antimony 
trichloride  are  passed  through  a  red-hot  tube  (W.  Smith),  and  is 
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also  obtained,togetlier  with  methylnaphthalenes  and  dinaphthyl- 
naphthalene,  when  a  mixture  of  naphthalene  and  ethylene  bromide 
is  heated  with  aluminium  chloride.1  It  crystallizes  from  ben- 
zene in  tablets  having  a  blue  fluorescence,  is  sparingly  soluble  in 
alcohol  and  ether,  melts  at  190°,  and  boils  at  about  450°.  It  is 
converted  by  chromium  trioxide  in  acetic  acid  solution  into 
isodinaphthyldiquinone,  C20H10O4,  which  is  a  yellow  amorphous 
powder.  When  hot  solutions  of  the  hydrocarbon  and  picric  acid 
are  mixed  together  and  allowed  to  cool,  the  picric  acid  compound, 
C20H14  +  2C6H3(N02)30,  separates  in  orange  coloured  micro- 
scopic prisms,  which  melt  at  1S4°.2 

a-/3-Dinaphthyl  is  formed  together  with  the  /3-/3-compound, 
and  is  separated  from  it  by  recrystallization  from  light 
petroleum.  It  crystallizes  in  six-sided  plates,  melts  at  79 — 80°, 
and  is  more  readily  soluble  in  alcohol  and  benzene  than  the 
foregoing  compound. 

The  picric  acid  compound,  C20HU  +  C6H3(N02)30,  crys- 
tallizes in  golden-yellow  needles,  and  melts  at  155 — 156° 
(Wegscheider). 

a-Dinaphthol  or  Dihydroscy-fi-dinaphthyl,  C,0H12(OH)2,  was 
obtained  by  Dianin  by  adding  ferric  chloride  to  a  saturated 
solution  of  a-naphthol  till  the  precipitate  assumed  a  pale  violet 
colour.  The  residue  is  purified  by  boiling  with  water  and 
benzene  and  recrystallizing  from  alcohol.  a-Dinaphthol  is 
then  obtained  in  silvery  rhombic  tablets,  which  melt  at  300°, 
and  on  distillation  are  partially  reconverted  into  a-naphthol. 
Its  alcoholic  solution  gives  a  violet  colouration  and  precipitate 
with  ferric  chloride. 

a-Dinaphthol  ethyl  ether,  C20H12(OC2HS)2,  is  formed  by  warm- 
ing a-dinaphthol  with  alcoholic  potash  and  ethyl  iodide,  and 
crystallizes  from  alcohol  in  white  nacreous  plates,  melting  at 
211°.  The  corresponding  dimethyl  ether  crystallizes  in  tablets, 
and  melts  at  25 1°.3 

/3-a-Dinaphthylene  oxide,  C20H12O,  is  obtained  by  heating  a- 
naphthol  with  lead  oxide,4  the  reaction  possibly  taking  place  in 
the  following  manner : 


1  Staub  and  Smith,  Journ.  Chem,  Soc.  1885,  I-  104. 

2  Wegscheider,  Ber.  23,  3199. 

8  Ostermayer  and  Kosenhek,  Ber.  17,  2453. 
*  Knecht  and  Unzeitig,  Annalen,  209,  134. 

335 
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XCH=CH 
C6H4<  |  /CH=CH 

>c— ch  c6h/        I 

HCK  >C— C 

+  PbO  =  0<f             I       +  2H20  +  Pb. 

HO.  >C— C 

\C=CH  C6H4<             | 

C6H4<              |  XCH=CH 
NCH=CH 

It  is  also  formed  when  a-naphthol  is  boiled  in  presence  of  air,1 
and  by  heating  calcium  a-naphthate  : 2 

3(C10H7O)2Ca  =  2C20H12O  +  2C10H8  +  3CaO  +  H20. 

/3-a-Dinaphthylene  oxide  crystallizes  from  alcohol  in  plates, 
and  from  benzene  in  broad  needles,  melts  at  184°,  is  insoluble  in 
sulphuric  acid,  and  yields  with  picric  acid  the  compound  C20H12O 
+  C6H3(N02)30,  which  crystallizes  from  benzene  in  dark  red 
needles,  and  melts  at  171°. 

Dichloro-ft-a-dina'phthylene  oxide,  C20H10Cl2O,  is  obtained  by 
warming  the  oxide  with  phosphorus  pentachloride,  and  crys- 
tallizes from  benzene  in  needles,  which  melt  at  150 — 151°,  and 
readily  sublime. 

Dibromo-fi-a-dinaphthyl,  C20H10Br2O,  is  formed  when  bromine 
is  allowed  to  drop  into  a  solution  of  the  oxide  in  carbon  di- 
sulphide,  and  separates  from  benzene,  in  which  it  is  sparingly 
soluble,  in  pale  yellow  crystals,  melting  at  287°. 

Dinitro-fi-a-naphthylene  oxide,  C20H10(NO2)2O,  is  prepared  by 
acting1  with  nitric  acid  on  a  warm  acetic  acid  solution  of  the 
oxide,  and  crystallizes  from  benzene  in  pale  yellow,  indistinct 
needles,  which  melt  at  270°. 

(3-Dinaphihylene  oxide  is  obtained  by  heating  /3-naphthol 
with  lead  oxide  or  with  phosphorus  pentoxide,3  and  crystallizes 
in  silvery  plates  or  broad  needles,  melts  at  161°,  and  is  sparingly 
soluble  in  boiling  alcohol,  cold  benzene,  or  acetic  acid,  readily  in 
ether.  It  dissolves  in  sulphuric  acid  with  a  rose-red  colour,  which 
changes  on  warming,  first  to  reddish-violet  and  then  to  dark 
blue.  If  the  solution  be  poured  into  water,  an  orange-red,  strongly 
fluorescent  liquid  is  obtained. 

1  Merz  and  AVeith,  Bar.  14,  195.  s  Niederhausen,  Bcr.  15,  1119. 

3  Dianin,  BeiUtein's  Handb.  2,  642. 
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It  yields  a  picric  acid  compound,  C20H12O  +  2C0H3(NO2)3O, 
which  crystallizes  from  benzene  in  cinnabar-red  needles,  and 
melts  at  171°,  and  cannot  therefore  be  identical  with  /3-a-di- 
naphthylene  oxide ;  it  has  probably  the  following  constitution : 

/CH=:C-C=CHX 

W  I       I  >C6H4. 

xCHzzC     GzzGES 

\/ 
O 

_  Dichloro-fi-dinaphthylene  oxide,  C20H10Cl2O,  crystallizes  from 
benzene  in  silky  needles,  melts  at  245°,  and  dissolves  in 
sulphuric  acid  with  a  reddish-brown  colour,  which  changes  to 
violet  on  warming ;  if  nitric  acid  is  present  a  deep  green  solution 
is  formed,  which  becomes  red  when  the  solution  is  slowly  warmed 
and  finally  almost  disappears. 

Dibromo-ft-dinaphthylene  oxide,  C20H10Br2O,  likewise  crys- 
tallizes in  needles,  and  melts  at  247°.  With  sulphuric  acid 
and  a  drop  of  nitric  acid  it  gives  a  pale  green  colouration,  which 
changes  to  blue,  reddish-violet,  and  finally  to  cherry-red. 

IKnitro-P-dinaphthylene  oxide,  C20H10(]SrO2)2O,  crystallizes 
from  benzene  in  needles,  melting  at  221°. 

y-Binaphthol,  C20H12(OH)2,  is  formed  together  with  /3-hy- 
droxynaphthoic  acid  and  £-naphthol  when  ,8-naphthaldehyde  is 
fused  with  potash,  and  crystallizes  from  alcohol  in  slender  silky 
needles,  which  melt  at  195°,  are  insoluble  in  water,  bat  soluble 
in  alkalis.1 

fi-Dinaphthylcarhazole,  C20H13N,  is  obtained  by  heating  /3- 
thiodinaphthylamine  with  copper  powder  : 

/C10H.  +  2Cu  =  CA     h  +  ^ 

\c10h/  c10h/ 

It  crystallizes  from  hot  benzene  in  needles  or  prisms,  melts  at 
170°,  is  sparingly  soluble  in  alcohol,  moderately  in  acetic  acid, 
readily  in  ether,  and  especially  in  boiling  benzene,  the  solutions 
showing  a  blue  fluorescence.  Its  almost  colourless  sulphuric 
acid  solution  is  coloured  brown  by  a  trace  of  nitric  acid.  The 
picric  acid  compound  crystallizes  from  benzene  in  compact,  dark 

1  Kauffmann,  Ser.  15,  804. 
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reddish-brown  or  almost  black  needles,  and  melts  at  221" ;  the 
acetyl  compound,  C20H12N.CO.CH3,  separates  from  hot  benzene 
in  long  yellowish  needles,  and  melts  at  1430.1 

Picene,  C22HU,  occurs  in  the  pitch-like  mass  which  remains  on 
the  distillation  of  coal-tar,  and  passes  over  at  a  high  tempera- 
ture as  a  resinous  mass  resembling  gamboge,  which  crystallizes 
from  high  boiling  tar-oil  in  yellow  plates.2  It  is  also  obtained 
when  the  residue  from  the  rectification  of  Californian  petroleum 
is  subjected  to  dry  distillation,  and  then  crystallizes  in  yellowish- 
green  or  deep  green  plates.8  It  is  also  found,  together  with 
other  hydrocarbons,  among  the  products  formed  by  the  action 
of  aluminium  chloride  on  a  mixture  of  naphthalene  and 
ethylene  bromide,4  and  is  identical  with  lenzeryrthrene, 
a  by-product  obtained  in  the  preparation  of  diphenyl,5  and 
probably  also  with  parackrysene,  which  is  found  in  the  highest 
boiling  portions  of  coal-tar.6  By  repeated  crystallization  from 
boiling  pseudocumene  it  is  obtained  in  pure  white  lustrous 
plates,  which  have  a  blue  fluorescence,  and  are  only  very 
sparingly  soluble  in  any  of  the  usual  solvents.  It  melts  at 
337 — 339°,  and  boils  at  518 — 520°,  i.e.  nearly  at  a  red  heat, 
and  has  therefore  the  highest  boiling-point  of  any  known 
hydrocarbon.     Its  vapour  has  a  sp.  gr.  of  9'8. 

Eikosihydropicene,  C22H84,  is  formed  together  with  the  follow- 
ing compound  by  heating  picene  with  phosphorus  and  hydriodic 
acid  at  250 — 260°,  and  is  a  liquid  boiling  above  360°. 

Perhydropicene,  C22H36,  crystallizes  from  alcohol  in  white 
needles,  melts  at  175°,  and  boils  above  360°.  When  distilled 
over  zinc  dust  it  is  reconverted  into  picene.7 

Hydrides  of  picene  also  occur  in  the  high  boiling  oils  obtained 
from  lignite-tar,  as  these  yield  picene  on  heating  with  sulphur 
or  on  remaining  for  a  long  time  in  the  air.8 

Dibromopicene,  C22H12Br2,  is  formed  by  adding  a  chloroform 
solution  of  bromine  to  picene  suspended  in  the  same  liquid, 
and  crystallizes  from  boiling  xylene  in  slender  white  needles, 
melting  at  294—296°. 

Picenequinone,  C22H1202,  is  prepared  by  suspending  picene  in 

1  Eis,  Ber.  19,  2240.  2  Burg,  Ber.  13,  1834. 

3  Graebe  and  Walter,  Ber.  14,  175.      4  Lespisau,  Bull.  Soc.  Chim.  III.  6,  238. 
6  Schmidt  and  Schultz,  Annalen,    203,   134 ;  Schultz,  SteinkohlentAeer,  I. 
218. 

6  Easenack,  Ber.  6,  1401.  *  Liebermann  and  Spiegel,  Ber.  22,  779. 

8  Boyen,  Chcm.  Zeit.  1889,  870,  905. 


DINAPHTHYLNAPHTHALENE 


553 


acetic  acid,  and  adding  a  solution  of  chromium  trioxide  in  the 
same  liquid.  It  is  a  dark  orange-red  crystalline  powder,  which 
becomes  strongly  electrified  when  rubbed,  sublimes  with  partial 
decomposition  in  red  needles,  dissolves  readily  in  hot  alcohol 
and  acetic  acid,  and  also  in  sulphuric  acid  with  a  green  colour. 

Picene  is  the  final  member  of  the  following  series  of  hydro- 
carbons : 

Benzene C6H6. 

Naphthalene C10H8. 

Phenanthrene CUH10. 

Chrysene C1SH12. 

Picene C22H14. 

It  has  probably  the  constitution : 


CH 
CH 


Dinaphthylnaphthalene,  (C10H7)2C10H6,  the  formation  of  which 
has  been  already  mentioned  under  /3-dinaphthyl  (p.  549),  crys- 
tallizes from  boiling  alcohol,  in  which  it  is  sparingly  soluble,  in 
greenish,  hexagonal  plates,  which  readily  sublime  and  melt  at 
about  300°  (Roux). 
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DIPHENYLBENZENE  GROUP. 


2778  p-Diphenyllenzene,  C6H4(C6H6)2,  was  obtained  by  Riess 
by  the  action  of  sodium  on  a  mixture  of  bromobenzene  and  j9-di- 
bromobenzene,1  and  by  Abeljanz  by  the  decomposition  of  ben- 
zene potassium  (Part  III.  p.  89)  with  water.2  It  is  also  contained 
together  with  isodiphenylbenzene  in  the  by-products  obtained 
in  the  manufacture  of  diphenyl  by  passing  benzene  vapour 
through  a  red-hot  tube,  and  may  be  isolated  from  them  by 
fractional  distillation  and  separation  of  isodiphenylbenzene  and 
other  compounds  by  means  of  alcohol ; 3  from  2,000  grams  of 
benzene,  40  grams  of  p-diphenylbenzene  were  thus  obtained.  It 
is  also  formed,  together  with  methyldiphenyl,  dimethyldiphenyl, 
and  isodiphenylbenzene,  by  the  action  of  methyl  chloride  on  a 
mixture  of  diphenyl  and  aluminium  chloride.4 

t  crystallizes  in  large  plates  which  are  sparingly  soluble  in 
boiling  alcohol  and  acetic  acid,  more  readily  in  ether  and  light 
petroleum,  and  easily  in  benzene  with  a  blue  fluorescence.  It 
melts  at  205°,  boils  at  383°,  giving  a  vapour  of  sp.  gr.  8'08,  yields 
no  compound  with  picric  acid,  and  is  oxidized  by  chromium 
trioxide  in  acetic  acid  solution  to  p-phenylbenzoic  acid  and 
terephthalic  acid. 

Perchlorodiphenylbenzene,  C18C114,  is  formed  by  gradually 
heating  ^-diphenylbenzene  to  360°  with  an  excess  of  antimony 
pentachloride,  and  distils,  if  air  be  excluded,  as  a  thick  oily 
liquid.  It  quickly  solidifies,  and  is  sparingly  soluble  in  alcohol, 
somewhat  more  readily  in  benzene,  and  very  easily  in  boiling 
nitrobenzene,  from  which  it  separates  in  crystalline  granules.5 

1  Annalen,  164,  161.  2  Ber-  9,  10. 

a  Schultz,  Annalen,  174,  228  ;  Schmidt  and  Schultz,  Annalen,  203,  118. 

4  Adam,  Ann.  Chim.  Phys.  VI.  15,  239 

0  Merz  and  "Weith,  Ber.  16,  2884. 
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Dinitrodiphenylbenzene,  C18H12(N02)2,  is  obtained  by  mixing  a 
solution  of  the  hydrocarbon  in  acetic  acid,  with  eight  times  its 
volume  of  fuming  nitric  acid  and  warming  on  the  water  bath ; 
it  separates  as  a  yellowish  crystalline  substance  which  is 
sparingly  soluble  in  alcohol,  somewhat  more  readily  in  acetic 
acid,  and  crystallizes  from  nitrobenzene  in  long  monosymmetric 
needles  melting  at  277°. 

Trinitrodiphenylbenzene,ClsKuQ$02)s,  is  obtained  by  the  action 
of  fuming  nitric  acid  on  the  dinitro-compound  or  on  the  hydro- 
carbon, and  crystallizes  from  acetic  acid  in  concentric  aggregates 
of  yellowish  rhombic  needles,  which  melt  at  195°. 

Triamidodiphenylbenzene,  C18Hu(NHg)g,  is  prepared  by  re- 
ducing the  trinitro-compound  with  tin  and  hydrochloric  acid, 
and  crystallizes  from  alcohol  in  small  needles,  melting  at  169'5°. 
The  solution  assumes  a  bluish-violet  surface  colour  in  the  air, 
and  on  addition  of  ferric  chloride  and  warming  becomes  violet 
and  then  brownish  black.  Its  hydrochloride  crystallizes  in  long 
needles  (Schmidt  and  Schultz). 

p-Diphenylbenzoquinone,  (C0H5)2C6H2O2.  When  ethyl  me- 
thylbenzoylacetate,  C6H6.CO.CH(CH3).COOC2H,;,  is  dissolved 
in  dilute  caustic  potash,  and  sodium  nitrite  and  dilute  sulphuric 
acid  added,  it  is  converted  into  isonitroso-ethylphenylketone, 
C6Hs.CO.C(NOH).CH3;  the  latter  on  distillation  with  dilute  sul- 
phuric acid  yields  methylphenyldiketone  or  acetylbenzoyl,  G6H5.CO. 
CO.CH3,  a  yellowish  oily  liquid  which  boils  at  216 — 218°, 
forming  an  extremely  pungent  vapour.  When  mixed  with 
twenty  parts  of  water  and  two  parts  of  10  per  cent,  caustic  soda 
solution,  preferably  with  addition  of  little  potassium  ferricyanide, 
it  undergoes  a  similar  reaction  to  diacetyl  (Part  III.  p.  186), 
and  is  converted  into  diphenylbenzoquinone  : 

CO  CO 

CH3CO.C6H6  CH  C.C6H5 

=  ||       II  +  2H20. 

C6H6.CO    CH3  C6H5.C      CH 


CO  CO 

The  liquid  quickly  becomes  brown  and  after  fifteen  minutes  is 
warmed  on  the  water  bath  and  extracted  with  benzene.  After 
evaporating  off  the  latter  a  brown  residue  is  left,  which  is  washed 
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with  ether,  and  warmed  with  a  mixture  of  six  parts  of  alcohol 
and  three  parts  of  moderately  ddute  nitric  acid  till  it  assumes 
a  pure  yellow  colour. 

Diphenylbenzoquinone  crystallizes  from  acetic  acid  in  very 
ustrous  orange-yellow  plates,  and  is  only  sparingly  soluble  in  the 
usual  solvents,  with  the  exception  of  benzene.  It  dissolves  in  sul- 
phuric acid  forming  a  reddish-violet  solution  which  is  reprecipi- 
tated  by  water.  On  heating  with  zinc  dust  and  acetic  acid 
it  yields  p-diphenylquinol,  C18H12(OH)2,  which  crystallizes  from 
alcohol  in  colourless  cubes,  melts  at  218 — 219°,  and  is  converted 
by  ferric  chloride  first  into  the  quinhydrone,  which  is  also  ob- 
tained as  a  greenish-black  precipitate  by  mixing  acetic  acid 
solutions  of  the  quinone  and  quinol  and  precipitating  with 
water.1 

Isodiphenylbenzene,  C18HU,  crystallizes  from  dilute  alcohol  in 
long  needles,  melts  at  85°,  and  boils  at  363°  giving  a  vapour  of 
sp.  gr.  8'18.  On  oxidation  it  yields  benzoic  acid,  together  with 
terephthalic  acid  and  p-phenylbenzoic  acid. 

Trinitro-isodiphenylbenzene,  C18Hn(N02)3,  crystallizes  from  hot 
acetic  acid  in  concentric  aggregates  of  needles,  melts  at  200° 
and  on  reduction  yields  a  base  which  melts  at  288°,  and  gives 
a  dark  brown  colouration  with  ferric  chloride. 

Triphenylene,  C18H12,  is  likewise  formed  in  the  preparation  of 
diphenyl,  and  crystallizes  from  alcohol  in  needles  melting  at 
196°.  It  combines  with  picric  acid  forming  an  orange-yellow 
compound  which  melts  at  212°  (Schmidt  and  Schultz). 

1  Miiller  and  Pechmann,  Ber.  22,  2127. 
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TRIPHENYLBENZENE  GROUP. 

2779  s-Triphenylbenzene,  C24H13,  is  obtained  by  saturating 
acetophenone  with  hydrogen  chloride  and  allowing  the  mixture 
to  remain  in  a  warm  place.  Its  formation  corresponds  exactly 
to  that  of  mesitylene  from  acetone  : 

C6H5 

C.CflHB 

CO  ^\6  6 

/  HC     CH 

CH3     CH3  =  I        ||  +  3H20. 

I  C6H5.C     C.C6H5 

C6H5-CO      CO-C6H5  \/ 

\  CH 

CH3 

As  soon  as  crystals  cease  to  separate  out  the  mother  liquor 
is  filtered  off,  and  may  be  made  to  yield  more  of  the  hydrocar- 
bon by  repeated  saturation  with  hydrogen  chloride.1  A  very 
remarkable  formation  of  this  compound  was  observed  by  Bdhal, 
from  the  product  of  the  action  of  phosphorus  pentachloride 
and  acetophenone.  This  was  allowed  to  stand  for  a  long  time 
and  suddenly  exploded ;  the  crystals  scattered  around  were 
found  to  consist  of  triphenylbenzene.  Behal  showed  that  chloro- 
styrolene,  C6H5.CC1=CH2,  is  first  formed,  and  that  this  on 
saturation  with  hydrogen  chloride  and  heating  to  40°,  forms  tri- 
phenylbenzene with  explosive  evolution  of  hydrogen  chloride.2 

s-Triphenylbenzene  crystallizes  from  ether  in  rhombic  tablets, 
melts  at  169 — 170°,  and  is  moderately  soluble  in  alcohol  and 
ether,  readily  in  benzene.      When  boiled  with  dilute  nitric  acid 

1  Engler  and  Berthold,  Ber.  7,  11,  23.  2  Butt.  Soc.  Chim.  50,  632. 
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or  dilute  sulphuric  acid  and  potassium  dichromate  it  is  not 
attacked,  but  if  heated  with  chromium  trioxide  in  acetic  acid 
solution  is  oxidized  to  benzoic  acid,  the  central  nucleus  being 
destroyed.1 

Dodecahydrotriphenylbenzene,  C24H30,  is  formed  by  heating 
triphenylbenzene  with  amorphous  phosphorus  and  hydriodic  acid 
for  sixteen  hours  at  270 — 280°,  and  is  a  thick  faintly  aromatic 
smelling  liquid,  which  gradually  crystallizes  in  the  cold,  but 
melts  at  the  summer  temperature.  It  is  not  attacked  by  cold 
concentrated  sulphuric  or  nitric  acids. 

Eikosihydrotriphenylbenzene,  C24H3g,  is  formed  if  the  heating 
with  hydriodic  acid  be  continued  for  thirty-two  hours,  and 
is  a  somewhat  less  thick  liquid  than  the  foregoing  compound 
(Mellin). 

Ferchlorotriphenylbenzcne,  C24C118,  is  obtained  by  gradually 
heating  a  mixture  of  the  hydrocarbon  and  phosphorus  penta- 
chloride  to  360°,  and  distils  in  an  atmosphere  of  chlorine  form- 
ing an  oil  which  quickly  solidifies,  and  crystallizes  from  nitro- 
benzene in  needles.  It  is  only  attacked  with  great  difficulty  by 
concentrated  nitric  acid,  even  at  300 — 350°.2 

Bromotriphenylbenzene,  C,4H17Br,  is  formed  by  allowing  a 
solution  of  bromine  and  triphenylbenzene  in  carbon  disulphide 
to  stand,  and  crystallizes  from  alcohol  in  needles,  melting  at  104° 
(Engler  and  Berthold). 

a-Tdranitrotriphenylbenzene,  CjJEj^NO^,  is  obtained  to- 
gether with  the  /3-compound  by  adding  nitric  acid  to  an  acetic 
acid  solution  of  the  hydrocarbon,  and  on  cooling  separates 
almost  completely  in  small  needles  which  are  practically  in- 
soluble in  the  common  solvents.  It  crystallizes  from  boiling 
aniline  or  nitrobenzene  in  pale  yellow  needles,  and  melts  at 
370°. 

{S-Tatranitrotrvphenylbenzene,  C24H14(N02)4,  separates  from 
the  acetic  acid  solution  on  addition  of  water.  It  dissolves 
readily  in  alcohol,  ether,  &c,  and  crystallizes  in  small  needles, 
melting  at  10S°. 

a-Tetramidoti-iphenylbenzene,  C24H34(NH2)4,  is  prepared  from 
the  corresponding  nitro-compound  by  reduction  with  tin  and 
hydrochloric  acid,  and  crystallizes  from  dilute  alcohol  in  small 
white  needles,  which  melt  at  137 — 138°.    When  boiled  for  some 

1  Mellin,  Ber.  23,  2533. 

2  Merz  and  Weith,  Ber.  16,  2883. 
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time  with  acetic  anhydride  and  sodium  acetate  it  yields  the 
octacetyl  compound,  C24H14N4(CO.CH3)8,  which  forms  microscopic 
needles,  and  melts  at  156 — 158°. 

fi-Tetramidotriphenylbenzene  crystallizes  in  yellowish  needles, 
which  become  dark  in  the  air,  and  melt  at  96 — 98°  with 
decomposition.  Its  octacetyl  compound  forms  granular  crystals, 
and  melts  at  142—143°  (Mellin). 

Triphenylbenzene  is  the  final  member  of  the  following 
series : 

Benzene,  C6H6  Diphenylbenzene,  C18H14. 

Diphenyl,  C12H10  Triphenylbenzene,  C24H18. 

Tri-p-tolylbenzene,  C6H3(C6H4.CH3)3,  is  obtained  by  repeatedly 
saturating  £>~tolylmethylketone  with  hydrogen  chloride,  and 
crystallizes  from  chloroform  in  beautiful  white  needles,  and  from 
alcohol  in  plates,  which  melt  at  171°,  and  decompose  on  further 
heating  without  subliming. 

Tribromotritolylbenzene,  C27H.21Br3,  crystallizes  from  carbon 
disulpbide  in  matted  needles,  and  melts  at  212°. 

Trinitrotritolylbenzene,  C27H21(N02)3,  is  a  canary-yellow  crys- 
talline powder,  which  decomposes  on  heating.1 

Tri-o-benzylenebenzene,  C27H18,  is  formed  by  heating  hydrindene 
(p.  7)  with  hydrochloric  acid  at  100°.2 

/o 

C6H4\  ^\  /C6H4 


CH2— CH2  C      C 

3  11=  I       !l 

O.H.-CO  C      C 

CH„  C      on2 


SC6H4 


+  3H20. 


It  is  also  formed  when  truxone,  which  will  be  described  in  a 
later  volume,  is  heated  with  hydriodic  acid,3  and  crystallizes 

1  Claus,  J.  Pr.  Chem.  II.  41,  405. 

8  Hausmann,  Ber.  22,  2019. 

3  Liebermann  and  Bergami,  Ber.  22,  786  ;  23,  317. 
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from  boiling  nitrobenzene  in  beautiful  yellowish  needles,  which 
do  not  melt  at  360°,  are  almost  insoluble  in  boiling  alcohol,  ether, 
acetic  acid,  &c.,  and  also  in  cold  concentrated  sulphuric  acid,  and 
in  boiling  nitric  acid. 

Tri-o-benzoylenebenzene,  C27H1203,  is  formed  when  phthalyl- 
acetic  acid  is  warmed  with  60  parts  of  sulphuric  acid  on  the 
water-bath : 

CO 


CO— O     CO„H 

M       l_l 

C6H4.C — CH 


C„H, 


C 


C      C 

I       il 

c    c 

/V 

CO  c 


C6H4 


CO 


+  3H20  +  3CO„ 


^C6H4 

It  is  also  formed  by  heating  phthalic  anhydride  with  ethyl 
malonate  or  ethyl  acetoacetate,1  and  when  tribenzylenebeDzene 
is  boiled  for  a  long  time  with  5  parts  of  chromium  trioxide  and 
50  parts  of  acetic  acid.2 

Tribenzoylenebenzene  crystallizes  in  slender  yellow  hair-like 
needles,  which  do  not  melt  at  360°,  and  only  dissolve  to  any 
appreciable  extent  in  nitrobenzene. 

The  exact  constitution  of  these  two  compounds  is  represented 
by  the  following  formula?  : 


o-Phenenyltribenzoic  acid,  C6H3(C6H4.C02H)3,  is  formed  by 
fusing  tribenzoylenebenzene  with  potash,  and  crystallizes  from 
dilute  alcohol  in  thick  broad  prisms,  melts  at  259 — 261°,  and 


1  Gabriel  and  Michael,  Ber.  10,  1557  ;  11,  1107 ;  Gabriel,  Ber.  14,  925. 

2  Hausmann,  loc.  cit.  •  Liebermann  and  Bergami,  loc.  cit. 
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on  distillation  with  lime  yields  triphenylbenzene  and  carbon 
dioxide. 

p-Phenenyltribenzoic  acid  is  prepared  by  heating  tritolylben- 
zene  with  dilute  nitric  acid  at  160 — 180°,  and  separates  from 
alcohol  as  a  crystalline  powder,  which  commences  to  sublime  in 
needles  at  280°  without  melting ;  the  normal  potassium  salt  is 
readily  soluble  and  remains  on  evaporation  as  an  indistinct  crys- 
talline mass ;  the  di-acid  salts  are  heavy,  soluble,  crystalline 
powders  (Claus). 
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Amidochrysene,  538 
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Benzeneazo-^-tolyl-a-naphthylamine, 

267 
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p-Bromhydrindone,   1 5 
Bromhydroxyindone,  11,  12 
7-Bromindone,  11 
Bromiodindone,  12 
Bromochloronaphthalene,  52 
Bromocitracono-a-bromonaphthalide, 

181 
Bromocitracono-iS-bromonaphthalide, 

183 
Bromodihydrodiphenyl,  371 
Bromodihydrodiphenyl  dibromide,  371 
Bromodinitronaphthalene,  62 
Bromodiphenic  acid,  452 
Bromodiphenic  acid  bromide,  452 
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Bromofluorene  dibromide,  472 
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Bromonitro-a-naphthol,  97 
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Bromorosoquinone,  384 
Bromotetrahydrodipheny  1  dibroru  ide, 

371 

Bromotetranitronaphthalene,  62 
Bromotriphenylbenzene,  558 


C 

Carbanilido-a-naphthol,  212 
Carbanilido-/8-naphthol,  215 
Carbanilido-o-naphthoquinone-a- 

oxime,  228 
CarbanUido-;8-naphthoqumone-a- 

oxime,  232 
Carbanilido-/3-naplithoquinone-/)- 

oxime,  230 
Carbazole,  415 

Carbazoledisulphonie  acid,  418 
Carbazole-yellow,  409 
Carbazoline,  419 
o-Carbodinaphthylimide,  156 
jS-Carbodinaphthylimide,  165 
Carbonaphthalide,  155 


Carbonyl-a-naphthiinidoxime,  294 
Carbonyl-/3-naphthimidoxime,  299 
Carpene,  509 
Cedriret,  391 

Chloramido-a-naphthoic  acid,  308 
m-Chlorhydrindone,  15 
Chlorhydroxyindone,  9 
Chlorhydroxy-a-naphthoqumonimide, 

223 
Chlorhydroxy-a-naphthoquinoxime, 

237 
Chlorobromindone,  9 
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Chloronaphthalenesulphonic   acid,    69, 

70 
a-Chloronaphthalene  tetrachloride,   39 
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Chlor-a-naphthol,  90,  91 
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Chlor-o-naphthoquinone,  121 
Chloro-jS-naphthoquinone,  127 
Chloro-£-naphthoquinorie  dichloride, 
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Chloro-#-naphthoquinone-a-oxime,  234 
Chloronaphthostyril,  309 
Chloronaphthosultone,  105 
Chlor-o-naphthylamine,  179,  180 
Chloro-j8-naphthylamine,  182 
Chloro-fl-naphthylaminesulphonic 

acid,  198 
l'-Chlor-o-naphthyl  disulphide,  113 
Chloronitronaphthalene,  69 
Chloronitro-o-naphthoic  acid,  305 
Chlorophenanthrene,  496 
Chlorophenanthrone,  506 
Chloropyrene,  359 
Chloroxynaphthalene  chloride,  122 
Chloroxynaphthalenic  acid,  133 
Cholesterylnaphthylarnine,  148 
Chrysamine  G,  465 
Chrysamine  R,  465 
Chrysaure'm,  271 
Chrysene,  535 

Chrysene  dinitroanthraquinone,  536 
Chrysene  picric  acid,  536 
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Chrysenic  acid,  541 
Chrysofluorene,  541 
Chrysofluorenyl  alcohol,  540 
Chrysoglycollic  acid,  540 
Chrysoketone,  540 
Ckrysoquirtol,  539 
Chrysoquinone,  5S9 
Citracon-a-naphthalide,  153 
Citracono-8-naphthalide,  163 
o-Citrodinaphthylamic  acid,  153 
/3-Citrodinaphthylamic  acid,  163 
/3-Citrodinaphthylamide,  163 
a-Citrodinaphthylamidimide,  153 
a-Citrotiinaphthylamide,  153 
j8-Citrotrinaphthylamide,  163 
Cloth  Red  B,  276 
Cloth  Red  G,  276 
Coerolignone,  388 
Congo-red,  465 
Croceln-orange,  271 
Cyanamine,  227 
Cyanobenzidine,  404 


D. 

Decabromodiresorcinol,  387 
Decachloro-2  ;  2'-dihydroxynaphtha- 

lene,  119 
Decahydrofluorene,  472 
Decahydronaphthalene,  36 
Dehydrodiprotocatechuic  acid,  458 
Dehydrodivanillin,  458 
Deltapurpurine,  467 
Diacetophenanthrenequinol,  500 
5-Diacetoxynaphthyl  sulphide,  115 
Diacetylbenzidine,  403 
Diamidoacenaphthene,  354 
Diamidobenzidine,  414 
Diamidocarbazole,  419 
Diamidodiethyldiphenyl,  462 
Diamido-a-dinaphthyl,   547 
Diamidodinaphthyl  disulphide,  216 
Diamidodiphenetoil,  423 
Diamidodiphenic  acid,  455 
Diamido-7-diphenyl,  422 

2  :  2'-Diamidodiphenyl,  412 

3  :  3'-Diamidodiphenyl,  412 

4  :  2'-Diamidodiphenyl,  411 
4  :  4'-Diamidodiphenyl,  399 
Diamido-m-diphenyldiearboxylic  acid, 

457 
Diamidodiphenyleneketoxime,  478 
Diamidodiphenylene  oxide,   424 
Diamidoditolyl,  444 
Diamido-m-p-ditolyl,  446 
p-Diamido-OT-ditolyl,  444 
p-Diamido-o-ditolyl,  445 
p-Diamido-o-m-ditolyl,  446 
Diamidoethoxydiphenyl,  421 
Piamidoethoxymethyldiphenyl,  430 
Diamidofluorene,  474 
Diamidohydroxydiphenyl,  421 
Diamidohydroxymethyldiphenyl,  430 


Diamidoimidoketohydronaphthalene, 

222 
Diamidomethyldiphenyl,  430 
1 :  l'-Diamidonaphthalene,  205 
.1  :  2-Diamidonaphthalene,  206 
1  :  4-Diamidonaphthalene,  200 

1  :  4'-Diamidonaphthalene,  202 

2  :  2'-Diamidonaphthalene,  210 
2  :  3'-Diamidonaphthalene,  210 
1:2:3:  l'-Dianiidonaphthalenedi- 

sulphonic  acid,  207 
Diamido-8-naphthoic  acid,  312 
2  :  4-Diamido-o-naphthol,  213 
Diami  do-j3-naphthol,  215 
Diamidonaphthoresorcinol,  217 
Diamido-8-naphthylamine,  211 
^-Diamidophenanthrene  quinol,  501 
Dianiidophenairthrenequinone,  505 
Diamidopyrene,  360 
D  iamidotetrahydronaphthyl  thioear- 

bamate,  204 
Diamidotetrahydronaphthyl  thiocar- 

bamide,  204 
Diamidotetrahydroxydiphenyl,  424 
Dianisidine,  424 
DianisoU,  380 

Diazo-a-amidonaphthylamine,  248 
Diazobenzene-/3-naphthylamine,   248 
Diazobenzene-/3-riaphthylphenyl  carba- 
mide, 248 
Diazobenzenetetrahydroethyl-j8-naph- 

thylamine,  175 
Diazobenzene-ae-tetrahydro-a-naph- 

thylamine,  171 
Diazobenzene-a(,-tetrahydro-/3-naph- 

thylamine,  174 
Diazonaphthalene  salts,  248 
Diazonaphthalenesvdphonic  acid,  248, 

249,  250 
Diazonaphthalenimide,  251 
Diazonaphthyl  hydride,  269 
Dibenzidenebenzidine,  403 
/3-Dibenzoxynaphthyl  sulphide,  115 
Dibenzoylberizidine,  404 
Dibenzoyldithymol,  463 
Dibromacenaphthene  tetrabromide,  353 
Dibromacenaphthylene,  355 
Dibromacenaphthylene  bromide,  355 
Dibromhydrindone,  14 
Dibromindone,  11 
Dibromindone-oxime,  12 
Dibromobenzidine,  405 
Dibromochrysene,  537 
Dibromochrysoquinone,  540 
Dibromodiketohydrindene,  18 
Dibrom-a-dinaphthyl,  542 
Dibromo-/8-dinaphthylene  oxide,  551 
Dibromo-3-a-dinaphthylene  oxide,   550 
Dibromodinitrodiphenyl,  376 
Dibromodiphenic  acid,  453 
Dibromodiphenyl,  373 
Dibromodiphenyleneglycollic  acid,  482 
Dibromodiphenyleneketone,  477 
7-Dibromodiphenylenernethane,  475 
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Dibromodiphenylene  oxide,  386 
Dibromodipseudocumenol,  463 
Dibromo-m-ditolyl,  439 
Dibroni-o-p-ditolyl,  440 
Dibromofluoranthene,  524 
Dibromofluorene,  473 
Dibromoketohydroxyhydrindic  acid,  21 
1  :  2-Dibromonaphthalene,  50 
1  : 2'-Dibromonaphthalene,  50 
1  : 3-Dibromonaphthalene,  50 
1  : 4-Dibromonaphthalene,  49 

1  :  4'-Dibromonaphthalene,  49 

2  :  2'-Dibromonaphthalene,  51 
Dibromonaphthalenesulphonic  acid,  73 
o-Dibromonaphthalene      tetrabromide, 

49 
$-Dibromonaphthalene     tetrabromide, 

49 
Dibrom-a-naphthol,  93 
Dibromo-/3-naphthol,  95 
Dibrom-a-naphthoquinone,  125,  126 
Dibromo-/3-naphthoquinone,  131 
2  :  3-Dibrom  -  a  -  naphthoquinone-a  - 

oxirne,  229 
Dibromonaphthostyril,  310 
Dibrom-a-naphthylamine,  181 
Dibromo-/3-naphthylamine,  183 
Dibronionaphthylenephenylene    oxide, 

529 
Dibromonitrodiphenyl,  376 
Dibromonitronaphthalene,  62 
Dibromophenanthrene,  497 
Dibromophenanthrenequinone,  504 
Dibromo-^-phenyltolyl,  432 
Dibrornopieene,  552 
Dibromopyrene  dibromide,  359 
Dibromoretene,  516 
Dibromoretenequinone,  518 
Dibromoteetoquinone,  522 
Dibromotetrahydroacenaphthene,  353 
Dibromotriketohydronapbthalene,  135 
Dicarvacrol,  463 
Dicatechol,  386 
Dichlorindene,  13 
Dichlorindone,  8 
Dichlorindone-oxime,  9 
Dichlorobenzidine,  405 
Diehlorochrysene,  537 
Dichlorochrysoquinone,  540 
Dichlorodibromoby  drindone,  1 4 
1  :  l'-Dichloro-2  :  2'-dihydroxy naphtha- 
lene, 119 
Dichlorodiketohydrindene,  10,  17 
Dichloro-jS-dinaphthylene  oxide,  551 
Dichloro-j8-a-dinaphthylene  oxide,  550 
Dichlorodinitrodiphenyl,  375 
Diehlorodinitronaphthalene,  60 
Diehlorodiphenyl,  372 
Dichloro-m-diphenyldicarboxylic   acid, 

456 
Diehlorodiphenyleneketone,  477 
Dichlorodiphenyleneketonecarboxylic 

chloride,  484 
Dichloro-TO-ditolyl,  439 


Dichlorofluorene,  472 
Dichlorohydrocoerolignone,  390 
Diehlorohydroxyindenecarboxylie  acid, 

10 
Dichloroketohydroxyhydrindic      acid, 

20 
Dichloro-/3-ketonaphthalene,  128 
Dichloroketophenanthrene,  506 
1  :  l'-Dichloronaphthalene,  40 
1  : 2-Dichloronaphthalene,  41 
1  :  2'-Dichloronaphthalene,  42 
1  : 3-Dichloronaphthalene,  41 
1  : 3'-Dichloronaphthalene,  41 
1  :  4-Dichloronaphthalene,  40 

1  : 4'-Dichloronaphthalene,  40 

2  :  2'-Dichloronaphthalene,  43 
2  : 3-Dichloronaphthalene,  42 
2  :  3'-Dichloronaphthalene,  42 
Dichloronaphthalenesulphonic  acid,  70, 

71 
Dichlor-a-naphthoic  acid,  300 
Dichloro-^-naphthoic  acid,  302 
Dichlor-a-naphthol,  91,  92 
Dichloro-/3-naphthol,  94,  95 
Dichlor-a-naphthoquinol,  116 
Dichloro-j3-naphthoquinol,  118 
Dichlor-a-naphthoquinone,  122,  123 
Dichloro-/3-naphthoquinone,  128 
Dichloro-/3-naphthoquinone  dichloride, 

128 
Dichloro  -  $  -  naphthoquinone-a-oxime, 

234 
Diehloronaphthydrene  glycol,  38 
Dichlor-a-naphthylamine,  180 
Dichloronaphthylenephenylene   oxide, 

529 
Dichloronitronaphthalene,  60 
Dichloronitro-a-naphthoic  acid,  305 
Dichlorophenanthrene,  496 
Diehlorophenantbrene      tetrachloride, 

496 
Dichlorophenanthrene,  506 
Dichlorophenolazo-i8-naphthol,  278 
Dichloropyrene,  359 
Dichlorotriketohydronaphthalene,  134 
Dichlorovinylbenzoylcarboxylic      acid, 

130 
o-Dichlorovinyldichlorobenzylcarboxy- 

lic  acid,  130 
o-Dicresol,  441 

Dicresoldicarboxylic  acid,  461 
p-Dicyanodiphenyl,  458 
Dicyanomenaphthylamine,  166 
Di-diphenylsulphone,  395 
Diethidenebenzidine,  403 
Diethoxy-a-dinaphthyl,  543 
Diethoxy-m-ditolyl,  441 
Diethoxyditolylquinone,  443 
/3-Diethoxynaphthyl  sulphide,  115 
/3-Diethoxynitronaphthyl     sulphide, 

115 
Diethylamidodiphenyl,  397 
a-Diethylamido-a-nitrosonaphthalene, 

240 
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Diethylbenzidine,  402 
Diethyldiphenyl,  462 
Diethyl-a-naphthylamine,  147 
Diethyl-,8-naphthylamine,  158 
Diethylnaphthylphosphine,  280 
Diethyltetrahydroxyditolyl,  443 
Difmodiphenyl,  373 
Diformylbenzidine,  403 
Dihydroacenaphthene  dibromide,  353 
Dihydrodiphenyl,  371 
Dihydrofluoranthrene,  524 
Dihydronaphthalene,  34 
Dihydronaphthalene  dibromide,  34 
Dihydronaphthalic  acid,  323 
Dihydroxy-a-dinaphthyl,  543 
Dihydroxy-/8-dinaphthyl,  549 
Dihydroxydinaphthyldiquinone,  544 
Dihydroxydiphenyl,  380 
Dihydroxydiphenyldicarboxylic    acid, 

458 
Dihydroxy-m-diphenyldicarboxylic 

acid,  457 
Dihydroxy-m-ditolyl,  441 
Dihydroxyditolylene  oxide,  442 
Dihydroxyditolylquinone,  441 
1  :  l'-Dihydroxynaphthalene,  117 
1  : 3-Dihydroxynaphthalene,  117 
1  :  2'-Dihydroxynaphthalene,  118 
1  :  3'-DihydroxynapMhalene,  118 
1  :  4-Dihydroxynaphthalene,  116 

1  : 4'-Dihydroxynaphthalene,  116 

2  :  2'-Dihydroxynaphthalene,  119 
2  :  3'-Dihydroxynaphthalene,  118 
Dihydroxynaphthalenedicarboxylic 

acid,  324 
a-Dihydroxynaphthoquinone,  140 
j8-Dihydroxynaphthoquinone,  141 
7-Dihydroxynaphthoquinone,  142 
2  : 2'-Dihydroxy-a-naphthylamine,  217 
/B-Dihydroxynaphtbyl  sulphide,  114 
Dikydroxyphenanthrene,  500 
Dihydroxyphenanthrenequinone,  506 
y-Dihydroxy-o-phenylbenzoic  acid,  435 
a-Dihydroxytetramethoxydiphenyl, 

389 
Dihydroxytetrethoxyethylcedriret,  393 
Di-imidodinaphthylene  hydrochloride, 

547 
Di-imidonaphthol,  222 
Di-iododiphenic  acid,  453 
Di-iododiphenyl,  373 
Di-iodo-??i-ditolyl,  439 
Di-iodonaphthalene,  53 
Diketohydrindene,  15 
Diketohydrindenedioxime,  17 
Diketohydrindenediphenylhydrazone, 

17 
Diketohydrindenephenylhydrazone,   1 6 
Diniethoxy-a-dinaphthyl,  543 
Dimethoxyditolylquinone,  442 
Dimethylamidojuglone,  143 
Dimethylamido-a-naphthoic  acid,  307 
Dirnethylamido-a-naphthoquinone,  218 
Dimethyldihydronaphthol,  320 


Dimethyldiketohydrindene,  19 
Dimethylethoxybenzidine,  447 
Dimethylhydrocoerolignone,  389 
1  : 4-Dimethylnaphthalene,  319 
Dimethyl-a-naphthindole,  348 
Dimethyl-j8-naphthindole,  349 
Dimethylnaphthol,  319 
Dimethylnaphthol  methyl  ether,  319 
Dimethyl-a-naphthylaniine,  146 
Dimethyl-j8-naphthylamine,  158 
Dimethyltetrahydroxyditolyl,  442 
o-Dinaphthohydroxamic  acid,  293 
j8-Dinaphthohydroxamic  acid,  298 
o-Dinaphthol,  549 
(3-Diuaphthol,  543 
7-Dinaphthol,  551 
a-Diuaphthol  ethyl  ether,  549 
o-Dinaphthol  methyl  ether,  549 
a-Dinaphthyl,  542 
a-j3-Dinaphthyl,   549 
£-Dinaphthyl,  548 
j8-Dinaphthylacetal,  85 
a-Dinaphthylacetamide,  150 
a-/3-Dinaphthylacetamide,  161 
/3-Dinaphthylacetamide,  161 
Dinaphthylamidocyanuric    chloride, 

168 
a-Dinaphthylamine,  148 
a-/3-Dinaphthylaniine,  160 
/3-Dinaphthylamine,  160 
a-a-Dinaphthylcarbazole,  547 
a-j8-Dinaphthylcarbazole,  548 
j8-Dinaphthylcarbazole,  551 
j8-Dinaphthylehloroibrrnamide,  164 
/3-Dinaphthyl-y-diamidobenzene,  159 
Dinaphthyldiquinhydrone,  543 
Dinaphthyldiquinol,  543 
a-Dinaphthyldiquinone,  544 
Dinaphthyldiquinonetetranilide,  544 
j3-Dinaphthyl  disulphide,  114 
Dinaphthyleneketone  oxide,  81 
3-Dinaphthyleneketone  oxide,  86 
a-/3-Dinaphthylene  oxide,  543 
/3-Dinaphthylene  oxide,  550 
/3-a-Dinaphthylene  oxide,  549 
a-a-Dinaphthylethane,  285 
a-Dinaphthyl  ether,  79 
j3-Dinaphthyl  ether,  85 
a-Dinaphthylguanidine,  166 
Dinaphthyline,  546 
Dinaphthylnaphthalene,  553 
a-Dinaphthylnitrosamine,  149 
/3-Dinaphthylnitrosamine,  160 
Dinaphthylphosphinic  acid,  280 
<x-j8-Dinaphthyl  sulphide,  114 
/3-Dinaphthyl  sulphide,  114 
a-a-Dinaphthylsulphone,  68 
a-#-Dinaphthylsulphone,  68 
/3-/3-Dinaphthylsulphone,  68 
a-a-Dinaphthylsulphoxide,  68 
a-Dinaphthyl  thiourea,  155 
/3-Dinaphthyl  thiourea,  165 
a-Dinaphthyl  urea,  155 
3-Dinaphthyl  urea,  1C4 
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as-/3-Dinaphthyl  urea,  164 
Dinitroacenaphthene,  354 
Dinitroazoxydiphenyl,  428 
Dinitrobenzidine,  406 
Dinitrocarbazole,  418 
Dinitroehloronaphthalene,  60 
Dinitrochrysene,  538 
Dinitrochrysoquinone,  540 
Dinitrodihydroxy-m-ditolyl,  441 
Dinitro-a-dinaphthyl,  542 
Dinitro-j8-dinaphthylamine,  187 
Dmitro-j8-dinaphthylene  oxide,  551 
Dinitro-j8-a-dinaph£hylene  oxide,  550 
Dinitrodiphenic  acid,  454 
DinitTO-diphenol,  384 
Dinitro-7-diphenol,  382 
Dinitrodiphenyl,  374,  375 
Dinitrodiphenylbenzene,  555 
Dinitrodiphenyldisulphochloride,  378 
Dinitrodiphenyleneketone,  478 
Dinitrodiphenylene  oxide,  386 
Dinitrofluorene,  474 
Dinitrohydroxydiphenol,  379 
Dmitro-/3-methylnaphthalene,  284 
a-Dinitronaphthalene,  57 
/3-Dinitronaphthalene,  57 
7-Dinitronaphthalene,  57 
8-Dinitronaphthalene,  58 
Dinitro-a-naphthoie  acid,  304 
Dinitro-j8-naphthoie  acid,  307 
Dinitro-a-naphthol,  98 
Dinitro-£-naphthol,  101 
Dinitro-a-naphtholsulphonic    acid, 

106 
Dinitronaphthostyril,  310 
Dinitro-a-naphthylamine,  184 
Dinitro-;8-naphthylaimne,  186 
Dinitronaphthylenephenylene  oxide, 

529 
Dinitro-orthotolidine,  445 
Dinitrophenanthrene,  498 
Dinitrophenanthrenequinone,  505 
Dinitro-^-phenylbenzoic  acid,  436 
Dinitro-p-phenyltolyl,  432 
Dinitropodocarpic  acid,  508 
Dinitropyrene,  360 
Dinitroretenefiuorene,  520 
Dinitroso-1  :  l'-dihydroxynaphthalene, 

238 
1 : 2-Dinitrosonaphthalene,  54 
1  : 4-Dinitrosonaphthalene,  55 
Dinitrosonaphthoresorcinol,  238 
Dinitrotetramethylbenzidine,  405 
Dioxyresistene,  512 
Diphenamic  acid,  450 
Diphenamide,  451 
Diphenetidine,  423 
Diphenic  acid,  447 
Diphenic  anhydride,  449 
Diphenic  chloride,  450 
Diphenimide,  451 
Diphenodimethylindole,  427 
o-Diphenol,  380 
0-Diphenol,  380 


7-Diphenol,  381 
8-Diphenol,  383 
6-Diphenol,  384 

Diphenoldiacetonehydrazone,  427 
/j-Diphenol-m-dicarboxylie  acid,  457 
Diphenoldihydrazine,  427 
a-Diphenoldisulphonic  acid,  380 
7-Diphenoldisulphonic  acid,  383 
Diphenoltetrasulphonic,  acid,  383 
jo-Diphenonitrile,  458 
Diphenyl,  366 

2  :  2'-Diphenylanridonaphthalene,  210 
Diphenylainido-a-  naphthoquinone, 

219 
2>-Diphenylbenzene,  554 
ji;-Diphenylbenzoquinone,  555 
Diphenyl  carbimide,  397 
Diphenyl  derivatives,  orientation  of, 

369 
Diphenyl-1  :  4-diamidonaphthalene, 

201 
m-Diphenyldicarboxylic  acid,  456 
o-Diphenyldicarboxylic  acid,  447 
o-m-Diphenyldicarboxylie  acid,  456 
o-p-Diphenyldicarboxylie  acid,  458 
jo-Diphenyldicarboxylic  acid,  457 
Diphenyldi-imidonaphthol,  223 
Diphenyldisulphanride,  378 
Diphenyl  disulphide,  395 
Diphenyldisulphochloride,  378 
Diphenyldisulphonic  acid,  377 
7-Diphenylene  acetate,  381 
Diphenyleneacetic  acid,  481 
Diphenylene  carbinol,  476 
Diphenylenediacetonehydrazone,  427 
Diphenylenedicarbimide,  405 
Diphenylenedihydrosulphide,  395 
Diphenylenediketone,  501 
Diphenylenedinitrosohydrazine,  426 
Diphenylenedisemicarbazide,  426 
Diphenyleneglycollic  acid,  481 
Diphenylenehydrazine,  426 
o-Diphenylenehydrazonecarboxylic 

acid,  485 
o-Diphenylenehydrolcarboxylic  amide, 

484 
o-Diphenyleneketimidocarboxylic 

amide,  485 
Diphenyleneketone,  476 
m-Diphenyleneketonecarboxylic   acid, 

482 
o-Diphenyleneketonecarboxylic  acid, 

483 
o-Diphenyleneketonecarboxylic   amide, 

484 
o-Diphenyleneketonecarboxylic  chlo- 
ride, 484 
Diphenyleneketonedicarboxylic  acid, 

486 
o-Dinaphthyleneketonedicarboxylic 

acid,  485 
^-Diphenyleneketonedicarboxylic   acid, 

486 
Diphenyloneketoxime,  478 
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o-Diphenyleneketoximeearboxylic  acid, 

485 
Diphenylenemethane,  470 
7-Diphenylenemethane,  475 
S-Diphenylenemethane,  475 
Y-Diphenylenemethoquinone,  475 
Diphenylene  oxide,  385 
Diphenylene  sulphide,  396 
Diphenylene  sulphone,  396 
Diphenyline,  411 
Diphenylmercaptan,  395 
Diphenyl  mustard-oil,  397 
Diphenyl-^-naplithyl  urea,  165 
Diphenylol,  379 
p-Diphenylquinhydrone,  556 
p-Diphenylquinol,  556 
Diphenylsulphamide,  377 
Diphenyl  sulphide,  395 
Diphenylsulphinie  acid,  377 
Diphenylsulphochloride,  377 
Diphenylsulphonic  acid,  376 
Diphenyltetrazopiperidide,  373 
Diphenyl  thiocarbiraide,  397 
Diphenyltricarboxylic  acid,  460 
Diphthalylbenzidine,  404 
Diphthalylic  acid,  544 
Dipseudocumenol,  462 
Dipseudocumenol  methyl  ether,  463 
Diquinhydrone,  387 
Diquinol,  387 
Diquinone,  387 
Diresorcinol,  386 
Diresorcinoldicarboxylic  acid,  459 
Disazobenzenedihydroxynaphthalene 

274 
Disazobenzene-a-naphthol,  273 
Disazobenzene-o-naphtholsulphonic 

acid,  273 
Disazobenzene-a-naphthylamine   275 
Ditetrahydronaphthomethylcarba- 

mide,  289 
Ditetrahydronaphthomethyl  thiocarba- 

mide,  289 
Ditetrahydronaphthyldithiocarbamide, 

204 
ae-Ditetrahydro-£-naphthyl  thiourea, 

173 
Dithio-/3-dinaphthylamine,  245 
2 :  2'-Dithionaphthol,  120 
2  :  2'-Dithionaphthol  cyanate,  120 
Dithiophenol,  395 
Dithymol,  463 
m-Ditolyl,  438 
TO-p-Ditolyl,  440 
o-Ditolyl,  438 
o-7»-Ditolyl,  440 
o-p-Ditolyl,  440 
p-Ditolyl,  439 

Ditolyldiamido-o-dinaphthyl,  547 
Ditolyldiquinone,  443 
TO-Ditolyl  mustard-oil,  444 
Ditolylquinhydrone,  443 
Ditriazodiphenyl,  425 
m-Dixylyl,  460 


p-Dixylyl,  460 
Dodecahydronaphthalene,  36 
Dodecahydroretene,  515 
Dodecahydrotriphenylbenzene,  558 
Double-scarlet,  275 

E. 

Eikosohydropicene,  552 
Eikosihydrotriphenylbenzene,  558 
Ellagic  acid,  487 
Ellagitannic  acid,  488 
Ethenylamido-/8-naphthol,  215 
a-Ethenylamidothionaphthol,  246 
jS-Ethenylamidothionaphthol,  247 
Ethenyl-/3-diamidonaphthalene,  186 
Ethenyl-1  :  2-diamidonaphthalene,  207 
Ethenyl-o-naphthamidoxime,  294 
Ethenyl-£-naphthamidoxinie,  298 
Ethenyl-o-naphthylamidine,  154 
Ethidene-/3-dinaphthyl  ether,  85 
Ethidene-/3-naphthamidoxime,  298 
Ethidene-/3-naphthylhydrazone,  252 
Ethylamido-naphthoquinone,  218 
a-Ethylamido-o-nitrosonaphthalene, 

239 
a-Ethylamido-|8-nitrosonaphthalene, 

242 
3-Ethylamido-o-nitrosonaphthalene, 

243 
Ethylcarbazole,  416 
Ethylcarbazoline,  420 
Ethylcedriret,  393 
Ethyl-^-dinaphthylamine,   160 
Ethyldiphenyl,  459 
Ethyl  diphenylcarbamate,  397 
Ethylene-a-naphthylamine„  147 
Ethylisosantonious  acid,  341 
Ethylnaphthalene,  326 
Ethyl-a-naphthindolecarboxylate,  347 
j8-Ethylnaphthol,  326 
Ethyl-a-naphthylamine,  146 
Ethyl-j8-naphthylamine,  158 
Ethyl-a-naphthylaininebenzenylmalo- 

nate,  151 
Ethyl-j8-naphthylaminebenzenylmalo- 

nate,  162 
Ethyl-a-naphthylcarbamate,  155 
Ethyl-jS-naphthylcarbamate,  164 
Ethyl-/3-naphthylhydrazine,  252 
Ethyl-jS-naphthylnitrosamine,  158 
Ethyl-£-naphthylthiocarbamate,  165 
Ethylphenylnaphthaleneazammoniuni 

iodide,  265 
Ethylphotosantolactone,  343 
Ethylsantonious  acid,  341 
Ethylthio-/3-naphthylamine,  244 
Ethyl  trinitro-j8-naphthate,  102 


Fast-blue,  226 
Fast-brown  G,  273 
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Fast-red,  269,  272 
Fast-scarlet,  275 
Fast-violet,  276 
Fichtelite,  515 
Flue-naphthalene,  54 
Fluonaphthalenesulphonic  acid,  74 
Fluoranthene,  523 
Fluoranthenecarboxylic  acid,  525 
Fluoranthenedisulphonic  acid,  525 
Fluoranthene  picric  acid,  524 
Fluoranthenequinone,  525 
Fluorene,  470 

m-Fluorenecarboxylic  acid,  480 
o-Fluorenecarboxylic  acid,  480 
Fluorenedicarboxylic  acid,  482 
o-Fluorenehydroxycarbox-ylic  acid,  481 
Fluorene  picric  acid,  471 
Fluorene  picryl  chloride,  472 
Fluorenie  acid,  480 
Fluorenyl  acetate,  476 
Fluorenyl  alcohol,  476 
Fluorenylamine,  476 
Fluorenyl  ether,  476 
ct-Formonaphthalide,  149 
0-Formonaphthalide,  161 


G. 

Gambine  R,  231 
Gainbine  Y,  231 
0-GlycolyMinaphthalide,  161 
Glyoxalic  acid  ct-naphthyl  osazone,  251 


H. 

Hekkaidecahydrochrysene,  537 
Heliochrysine,  101 
Heliotrope,  468 
Heptabromophenanthrene,  497 
Heptachloronaphthalene,  47 
Hexbromodiresorcinol,  387 
Hexbromonaphthalene,  52 
Hexbromophenanthrene,  497 
Hexchlorocarbazole,  417 
Hexchloro-/3-ketohydronaphthalene, 

130 
Hexchloroketonaphthalene,  125 
Hexchloronaphthalene,  47 
Hexchlorophenanthrene,  496 
Hexhydronaphthalene,  35 
Hexhydropyrene,  359 
o-Hexhydroxydiphenyl,  388 
£S-Hexhydroxydiphenyl,  393 
•y-Hexhydroxydiphenyl,  394 
5- Hexhydroxydiphenyl,  394 
Hexhydroxydiphenyleneketone,  479 
a- Hexhydroxydiphenyl  tetramethyl 

ether,  389 
Hexmethoxydichlorocoerolignone,    390 
a-Hexmethoxydiphenyl,  389 
Hexmethyldiphenol,  462 
Hexmethyldiphenylium  iodide,  412 


Hexnitrodimethylbenzidine,  407 

Hexnitro-  /3-dinaphthy  lamine,  187 

Hexnitrodiresorcinol,  387 

Hydrazodiphenyl,  428 

a-a-Hydrazonaphthalene,  255 

Hydrindene,  7 

Hydrindene-0-carboxylic  acid,  7 

Hydrindene-j3-dicarboxylic  acid,   7 

Hydrindone,   12 

Hydrindone-oxime,  13 

Hydrindonephenylhydrazone,  13 

/3-Hydrocarbazole,  420 

3-Hydrocarbazolecarboxylic  acid,  437 

Hydrocarpol,  509 

Hydrocoerolignone,  389 

Hydrodimethyl-£-naphthindole,  349 

Hydroethylcedriret,  393 

a-Hydrojuglone,  138 

j3-Hydrojuglone,  139 

Hydrolapachoic  acid,  333 

Hydromethyl-^-naphthindole,  349 

Hydronaphthamide,  295 

o-Hydronaphthindole,  348 

Hydrosantonamide,  345 

Hydrosantonic  acid,  345 

Hydrosantonide,  345 

Hydroxybenzeneazo-a-naphthylamine, 
262 

o-Hydroxybenzeneazo-/3-naphthyl- 
amine,  265 

y-Hydroxybenzeneazo-/3-naphthyl- 
amine,  266 

Hydroxybenzidine,  421 

Hydroxybrom-a-naphthoquinone,   134 

Hydroxy -/3-brom-a-naphthoquinone, 
135 

Hydroxychlor-a-naphthoquinone,   133 

Hydroxy dimethylnaphthalene,  319 

Hydroxydiphenyl,  379 

Hydroxydiphenyleneketone,  478 

o-Hydroxyhydrazimidonaphthalene, 

265 
Hydroxyhydrolapachoic  acid,  334 
Hydroxyisopropyldiphenyleneketone- 

carboxylic  acid,  521 
Hydroxyjuglone,  142 
1  -Hydroxy-jS-methylnaphthalene,  284 
4-Hydroxy-/3-methylnaphthalene,  285 
/3-Hydroxy-a-naphthaldehyde,  317 
o-Hydroxy-j8-naphthohydroxamic  acid, 

317 
n-Hydroxynaphthoic  acid,  313 
a-Hydroxy-/3-naphthoic  acid,  315 
j8-Hydroxynaphthoic  acid,  314 
j8-Hydroxy-a-naphthoic  acid,  317 
j8-Hydroxy-j3-naphthoic  acid,  318 
7-Hydroxynaphthoic  acid,  314 
5-Hydroxynaphthoic  acid,  314 
a-Hydroxy-/3-naphthophosphoric    acid, 

315 
jS-Hydroxy-a-naphthophosphoric   acid, 

317 
Hydroxy-a-naphthoquinone,  132 
Hydroxy-0-naphthoquinone,  140 
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2'-Hydroxy-j8-naphthoquinone-a- 

oxime,  237 
Hydroxynaphthoquinonephenylhydra- 

zone,  259 
2-Hydroxy-a-naphthoquinonoxime,  236 
4'-Hydroxy-a-naphthoquinonoxime, 

238 
a-Hydroxynaphthylacrylic  acid,  335 
a-Hydroxynaphthyl-a-methylketone, 

328 
a-Hydroxynaphthyl-/3-methylketone, 

329 
a-Hydroxynaphthyl-a-methylketon- 

iraide,  328 
Hydroxynitro-a-naphthoquinone,  136 
Hydroxyphenanthrene,   499 
Hydroxyphenanthrene  quinone,  505 
Hydroxysvdphonaphthoic  acid,  316 
Hyposantonin,  342 


I. 


Idryl,  523 

£-Imidobutyrodinaphthalide,  162 
Imidodiphenyl  415 
Imidoketohydronaphthalene,  221 
Indene,  4 

Indene  bromhydrin,  4 
Indene  dibromide,  4 
Indophane,  100 
Indophenol,  224 
Indophenol-white,   225 
Iodonaphthalene,   53 
Iodonaphthalenesulphonic  acid,  74 
Iodo-|8-naphthol,  96 
Iodonitronaphthalene,  62 
Iodonitro-a-naphthol,  97 
Iodosantone,  345 
Isatronic  acid,  533 
Isobenzidine,  413 
j8-Isobutylnaphthalene,  331 
Isodinaphthyl,  548 
Isodinaphthyldiquinone,  549 
Isodiphenic  acid,  456 
Isodiphenylbenzene,  556 
Isodiphenyleneketone,  479 
Isonitrosodiketohydrindene,  1 7 
Isonitroso-a-naphthoxindole,  350 
Isophotosantolactone,  343 
Isophotosantonic  acid,  343 
/3-Isopropylnaphthalene,  331 
Isosantonin,  346 
Isosantonious  acid,  341 


J. 


Jaune  d'Or,  99 
Juglone,  137 
Juglonedioxime,  239 
Juglonoxime,  238 


Lapaehoic  acid,  331 

Lapachon,  333 

Laubenheinier's  reaction,  503 

Leucindophenol,  225 

Leyulinic  acid  /3-naphthylhydrazone, 

253 
Lithofellic  acid,  487 


M. 

Malo-a-dinaphthalide,  153 
Malo-,8-dinaphthalide,  162 
Manchester  yellow,  99 
Mandarin  G,  271 
Mandarin  G  R,  271 
Martius  yellow,  99 
Menaphthoximide,  166 
Menaphthoxylic  acid,  290 
Menaphthylamine,  166,  285 
Mercurynaphthyl,  281 
Metanil  orange,   270 
Metasantonic  acid,  345 
a-Metasantonin,  346 
#-Metasantonin,   346 
Metasantonyl  chloride,  346 
Metatolidine,  445 
Methanthraquinone,  508 
Methanthrene,  507,  509 
^-Methoxybenzeneazo-jS-naphthyl- 

amine,  266 
MethronoL  534 

Methylamido-n-naphthoquinone,  218 
Methylbromodiketohydrindene,  19 
Methylcarbazole,  416 
j8-Methyldiketohydrindene,  19 
Methyldiketohydrindenedioxime,  19 
Methyldiketohydrindenephenylhydra- 

zone,  19 
Methyl-j8-dinaphthylarmne,   160 
Methyldiphenyl,  430,  431 
Methyldiphenylcarbinol,  459 
Methyldiphenylketone,  459 
Methyletnoxybenzidine,  447 
7-Methylhydrindene-j3-carboxylic  acid, 

8 
/3-Methylhydrindone,  14 
m-Methylhydrindone,  15 
^-Methylhydrindone,  15 
7-Methylindene,  5 
7-Methylindene-/3-carboxylic  acid,  5 
Methylisopropylphenanthrene,  514 
a-Methylnaphthalene,  283 
jS-Methylnaphthalene,  284 
Methyl-o-naphthindole,  348 
Methyl-/3-naphthindole,  349 
2  :  1-Methylnaphthol,  284 
2  :  4-Methylnaphthol,   285 
Methyl-o-naphthylamine,  146 
Methyl-a-naphthylimidonaphthylthio- 

carbamate,  166 
Methylphenyldiketone,  555 
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Methylphenylnaphthaleneazammon- 

ium  iodide,  265 
Methylthiodiphenylol,  395 
Methylthio-j3-naphthylaniine,   244 
Methylthiophenyl-j8-naphthylamine, 

245 
Muscarine,  227 


N. 

a-Naphthacetonitrile,  327 
Naphthacetyl  chloride,  327 
a-Naphthaldehyde,  289 
/3-Naphthaldehyde,  295 
Naphthalene,  22 
Naphthalene  compounds,  orientation  of, 

26 
Naphthalene,    compounds   with   nitro- 

derivatives,  33 
Naphthalene,  constitution  of,  23 
Naphthalene,  history  of,  22 
Naphthalene,  preparation  of,  31 
Naphthalene,  properties  of,  32 
Naphthalene,  sources  of,  29,  32 
Naphthalene,   synthetic   formation  of, 

30 
Naphthalene,  uses  of,  33 
Naphthaleneazodiamidobenzene,  273 
£-Naphthaleneazo-/3-naphthol,  260 
Naphthaleneazo-j3-phenylnaphthyl- 

amine,  266 
Naphthalenediazimide,  205 

1  :  l'-Naphthalenediearboxylic  acid, 
320 

1 :  4-Naphthalenedicarboxylic  acid, 
323 

2  :  2'-Naphthalenedicarboxylic  acid, 
323 

2  :  3'-Naphthalenedicarboxylie  acid, 
324 

1  :  4-Naphthalenedicarboxylic  nitrile, 
323 

2  :  2'-Naphthalenediearboxylic  nitrile, 
323 

2  :  3'-Naphthalenedicarboxylic  nitrile, 

324 
Naphthalene  dichlorhydrin,  38 
Naphthalene  dichloride,  37 
o-Naphthalenedisulphonic  acid,  65 
/3-Naphthalenedisulphonic  acid,  66 
m-Naphthalenedisulphonic  acid,  66 
1  :  2'-Naphthalenedisulphonic  acid,    67 
1  :  3-Napthalenedisulphonic  acid,  66 

1  :  3'-Naphthalenedisulphonic  acid,    67 

2  :  2'-Naphthalenedisulphonic  acid,  65 
2  :  3'-Naphthalenedisulphonic  acid,  66 
Naphthalenehydrazinesulphomc  acid 

254 
Naphthalenestyrolene,  334 
a-Naphthalenesulphamide,  64 
/3-Naphthalenesulphamide,  65 
o-Naphthalenesulphinic  acid,  63 
/8-Naphthalenesulphinic  acid,  65 


a-Naphthalenesulphochloride,  63 
/3-Naphthalenesulphochloride,  64 
o-Naphthalenesulphonic  acid,  62 
j8-Naphthalenesulphonic  acid,  64 
7-Naphthalenesulphonic  acid,  66 
1 :  4'-Naphthalenesulphonic  acid,  66 
Naphthalenetetracarboxylic  acid,  336 
Naphthalenetetracarboxylic  anhydride, 

336 
Naphthalenetetracarboxylic  imide,  337 
Naphthalene  tetrachloride,  37 
Naphthalenetetrasulphonic  acid,  67 
Naphthalenetrisulphonic  acid,  67 
Naphthalenic  acid,  132 
Naphthalic  acid,  320 
Naphthalic  anhydride,  321 
Naphthalidam,  144 
Naphthalidine,  144 
Naphthalidinesulphonic  acid,  191 
Naphthalimide,  322 
a-Naphthalimidodiacetic  acid,  151 
Naphthalol,  87 
Naphthameine,  145 
a-Naphthamide,  291 
J3-Naphthamide,  296 
cc-Naphthamidoxime,  293 
j8-Naphthamidoxime,  298 
a-Naphthanilide,  292 
0-Naphthanilide,  296 
Naphthazarin,  141 
j8-Naphthazoxirae,   299 
Naphthene  alcohol,   38 
3-Naphthenylamidine,  297 
Naphthidine,  545 
jS-Naphthmiide  ethyl  ether,  297 
a-Naphthindole,  347 
/8-Naphthindole,  348 
£-Naphthindolecarboxylic  acid,  348 
Naphthionic  acid,  188 
o-Naphthisatin,  351 
£-Naphthisatin,  351 
a-Naphthisatinoxime,  350 
/3-Naphthisatinoxime,  351 
Naphthocinnamic  acid,  335 
o-Naphthocoumaric  acid,  335 
a-Naphthocoumarin,  335 
/3-Naphthocoumarin,  335 
Naphthocyamic  acid,  58 
a-Naphthohydroxamic  acid,  293 
j3-Naphthohydroxamie  acid,  297 
o-Naphthoic  acid,  290 
^-Naphthoic  acid,  295 
a-Naphthoic  anhydride,  291 
a-0-Naphthoic  anhydride,  296 
^-Naphthoic  anhydride,  296 
o-Naphthol,  77 
0-Naphthol,  83 
Naphtholactone,  314 
a-Naphtholazobenzene-m-sulphonio 

acid,  270 
a-Naphtholazobenzene-^-sulphonic 

acid,  270 
/3-Naphtholazobenzene-^-sulphonic 

acid,  271 
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j8-Naphtholazophenolsulphonie  acid, 

271 
Naphthol-black,  277 
a-Naphthol-blue,  224 
a-Naphthol-jS-carboxylic  acid,  315 
/3-Naphthol-o-carboxylie  acid,   317 
/3-Naphthol-/8-carboxylic  acid,  318 
0-Naphthol  disulphide,  115 
a-Naphtholdisulphonic  acid,  108 
jS-Naphtholdisulphonic  acid,  111 
1:2:  4-Naphtholdisulphonic  acid, 

107 
1:3:  l'-Naphtholdisulphonic  acid 

107 
1:4:  l'-Naphtholdisulphonie  acid, 

108 
a-Naphtholglycuronic  acid,  81 
j3-Naphtholglycuronic  acid,  87 
Naphthol-green,  233 
a-Naphthol-orange,  270 
j3-Naphthol-orange,  271 
Naphtholsulphamidosulphonic  acid, 

107 
a-NaphtholsulphamidosulT>honic  acid, 

108 
£-Naphthol  sulphide,  114 
/3-Naphthol-a-sulphonic  acid,  109 
j8-Naphth.ol-3-sulpb.onic  acid,  110 
j8-Naphthol-8-sulphonic  acid,  110 
1 :  l'-Naphtholsulphonic  acid,  103 
1  :  2-Naphtholsulphonic  acid,  105 
1  :  4-Naphtholsulphonie  acid,  102 
1  :  4'-Naphtholsulphonic  acid,  103 
a-Naphtholtrisulphonic  acid,  108 
jB-Naphtholtrisulphonic  acid,  111 
j8-Naphthol-violet,  225 
Naphthol-yellow,  98 
Naphthol-yellow,  S,  106 
Naphthomethinetriamine,  295 
a-Naphthomethyl  alcohol,  285 
/3-Naphthomethyl  alcohol,  287 
a-Naphthomethylaldehyde,  289 
a-Naphthomethylaniine,  285 
j8-Naphthomethylamine,  287 
£-Naphthomethyl  bromide,  287 
Naphthomethylcarbamine,  285 
/3-Naphthomethyl  chloride,  287 
j8-Naphthomethylcoumarin,  336 
ct-Naphthomethylene-aniline,  290 
a-Naphthomethylene-a-naphthylamine, 

290 
a-Naphthomethylene-oxime,  289 
a-Naphthomethylenephenylhydrazone, 

290 
ct-Naphthomethylenetolidine,  290 
a-Naphtho-a-naphthalide,  292 
a-Naphthonitrile,  292 
0-Naphthonitrile,  296 
Naphthopicric  acid,  100 
a-Naphthoquinhydrone,  121 
a-Naphthoquinol,  116 
/3-Naphthoquinol,  117 
a-Naphthoquinone,  120 
^-Naphthoquinone,  126 


7-Naphthoquinone,  131 
a-Naphthoquinonechlorimide,  229 
a-Naphthoquinonedianil,  224 
Naphthoquinonedianilide,  223 
a-o-Naphthoquinonedichlorimide,  235 
a-o-Naphthoquinonedioxime,  235 
j9-Naphthoquinonedioxinie,  236 
£-Naphthoqumonedioxime    anhydride, 

236 
a-Naphthoquinone-a-oxime,  227 
£-Naphthoquinone-a-oxime,  230 
j3-Naphthoqninone-y8-oxime  229 
/3-Naphthoquinone-a-oximesulphonic 

acid,  232 
Naphthoquinonephenylcarbazole,  53 1 
jS-Naphthoquinonephenylhydrazone, 

257  • 
Naphthosalol,  87 
Naphthostyril,  308 
Naphthostyrilquinone,  310 
Naphthosty riltoluquinoxaline,  310 
Naphthosultone,  103 
Naphthosultonesulphonic  acid,  107 
o-Naphthothiamide,  293 
0-Naphthothiamide,  297 
o-Naphthoxindole,  350 
0-Naphthoxindole,  351 
o-Naphthoxyacetic  acid,  81 
j8-Naphthoxyaeetie  acid,  87 
o-Naphthoyl  chloride,  291 
j8-Naphthoyl  chloride,  296 
o-Naphthoylformamide,  330 
a-Naphthoylformic  acid,  330 
o-Naphthoylformonitrile,  329 
o-Naphthoylmethyl  bromide,  328 
a-Naphthoylmethyl  thiocyanate,  328 
/3-Naphthoyl-o-naphthalide,  296 
a-Naphthoyl-a-naphthamidoxime,  294 
a-Naphthoylnaphthostyril,  309 
j3-Naphthoylnaphthostyril,  309 
a-Naphthoyl  oxide,  291 
o-Naphthylacetamide,  326 
o-Naphthyl  acetate,  80 
a-Naphthylacetic  acid,  149,   326 
a-Naphthylacrylic  acid,  335 
Naphthyl  alcohol,  77 
o-Naphthyl  allyl  thiourea,  155 
/3-Naphthylamidoacetic  acid,  162 
Naphthylamidocyanuric  chloride,   168 
a-Naphthylamido-ro-nitrobenzoic  acid, 

153 
/9-Naphthylamido-7ii-nitrobenzoic   acid, 

164 
a-Naphthylamido-a-nitrosonaphthal- 

ene,  24 
o-Naphthylamine,  144 
0-Naphthylamine,  156 
o-Naphthylamineazobenzenesulphonic 

acid,  261 
o-Naphthylaminedisulphonic  acid,  194 
j8-Naphthylaminedisulphonic  acid,  198 
/3-Naphthylamine  silicon  chloride,  157 
a-Naphthylamine-S-sulphonic  acid,  194 
i3-Naphthylamine-o-sulphonic  acid,  195 
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^Naphthylamine-jS-sulphonic  acid,  196 
j8-Naphthylamme-7-sulphonic  acid,  197 
£-Naphthylamine-B-sulphonic  acid,  197 
1 :  l'-Naphthylammesiilphonic  acid,  192 
1  :  2-Naphthylaminesulphonic  acid,  194 
1  :  2'-Naphthylaniiuesulphonic  acid, 

193 
1  :  3-Naphthylaminesulphonie  acid,  193 
1  :  3'-Naphthylaminesulphonic  acid,  193 
1  :  4-Naphthylaminesulphonic  acid,  188 

1  :  4'-Naphthylannnesulphonic  acid, 

191 

2  :  l'-Naphthylaminesulphonic  acid, 
195 

2 :  2'-Naphthylaminesulphonic  acid, 

197 
2  :  3'-Naphthylaniinesulphonic  acid, 

196 
2  :  4'-Naphthylaniinesulphonic  acid, 

197 
Naphthylarsenic  acid,  281 
Naphthylarsenious  chloride,  281 
Naphthylarsenious  oxide,  281 
a-Naphthyl-j8-bromopropionic  acid,  334 
a-Naphthylcarbamine,  167 
/3-Naphthylcarbainine,  167 
a-Naphthylcarbimide,  167 
a-Naphthylcitraconimide,  153. 
jS-Naphthyl-m-diamidobenzene,  160 
a-Naphthyl-1  :  4-diamidonaphtlialene, 

201 
a-Naphthyldibromopropionic  acid,   334 
a-Naphthyldiphenylguanidine,  166 
a-Naphthyl  disulphide,  113 
Naphthylene-blue,  226 
Naphthylenediallyl  thiocarbamide,  209 
Naphthylenediphenyl  thiocarbamide, 

209 
a-Naphthylenephenylene  oxide,  529 
0-Naphthylenephenylene  oxide,  530 
a-Naphthylenequinonephenylene  oxide, 

529 
^-Naphthylenequinonephenylene  ox- 
ide, 530 
Naphthyiene  thiocarbamide,  209 
a-Naphthylethenyldiphenyldianiine, 

327 
a-Naphthyl  ethylcarbonate,  80 
/3-Naphthyl  ethylcarbonate,  86 
a-Naphthylethylene,  334 
a-Naphthyl  ethylene  ether,  79 
0-Naphthyl  ethylene  ether,  85 
a-Naphthyl  ethyl  ether,  79 
y8-Naphthyl  ethyl  ether,  85 
a-Naphthylglycocoll,  151 
u-Naphthylglycollic  acid,  327 
Naphthylglyoxylic  acid,  330 
a-Naphthylhydrazine,  250 
j8-Naphthylhydrazine,  252 
Naphthylhydrazinesulphonie  acid,    254 
a-Naphthyl  hydrosulphide,  112 
Naphthylhypophosphinic  acid,  280 
Naphthylidamcarbamide,   155 
6-Naphthylimidobutyric  acid,  163 


/3-Naphthylimidodiacetic  acid,  162 
Naphthylmercuric  acetate,  282 
Naphthylmercuric  bromide,  282 
Naphthylmercuric  butyrate,  282 
Naphthylmercuric  formate,  282 
Naphthylmercuric  iodide,  282 
Naphthylmethylcarbazoline,  531 
3-Naphthyl  methylene  ether,  85 
a-Naphthyl  methyl  ether,  79 
j8-Naphthyl  methyl  ether,   84 
a-Naphthylmethylketone,  327 
a-Naphthyl  mustard-oil,  167 
a-Naphthyl  orthoxalate,   81 
0-Naphthyl  orthoxalate,  86 
a-Naphthyl  oxamic  acid,  152 
a-Naphthyl  phenylcarbamate,  81 
/8-Naphthyl  phenylcarbamate,  86 
Naphthylphenylcarbazole,  530 
a-Naphthylphenylsulphone,  68 
j8-Naphthylphenylsulphone,  68 
a-Naphthyl  phenyl  thiourea,  155 
£-Naphthyl  phenyl  urea,   165 
a-Naphthyl  phosphate,  80 
/3-Naphthyl  phosphate,  86 
Naphthylphosphinic  acid,  280 
Naphthylphosphorus  chloride,  280 
a-Naphthylpropionic  acid,  334 
a-Naphthylpropylene  pseudothiourea, 

155 
Naphthylpurpurie  acid,  100 
j8-Naphthyl  salicylate,  87 
a-Naphthylsemicarbazide,  252 
j8-Naphthylsemicarbazide,  253 
j3-Naphthylsemithiocarbazide,  253 
a-Naphthyl  silicate,  80 
0-Naphthyl  silicate,  86 
a-Naphthylsuccinamic  acid,  153 
j8-Naphthylsuccinamic  acid,  163 
a-Naphthylsuccinimide,  153 
£-Naphthylsuccinimide,  163 
a-Naphthyl  sulphide,  113 
a-Naphthylthiocarbamide,  167 
j9-Naphthylthiocarbimide,   167 
Naphthylthiocarbizine,  254 
(8-Naphthyl  thiocyanate,  167 
a-Naphthyl  thiourea,  155 
£-Naphthyl  thiourea,  165 
a-Naphthyl  urea,  154 
3-Naphthyl  urea,  164 
Narceic  acid,  324 
Narcein,  271 
New-blue,  226 
Nile-blue,  227 
Nitrite  de  chn/senase,  538 
Nitro-acenaphthene,  353 
Nitroamidodiphenyl,  398 
Nitroamido-jS-naphthoic  acid,  312 
Nitrobenzidine,  406 
Nitrobromophenanthrene,  498 
Nitrocarbazole,  417 
Nitrochrysene  537 
Nitro-a-dinaphthyl,  542 
Nitrodiphenic  acid,  454 
Nitrodiphenyl,  374 
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Nitrodiphenyleneketone,  478 
Nitro-m-diphenyleneketonecarboxylie 

acid,  483 
Nitrodiphenylsulphonic  acid,  378 
Nitrodiphenylsulphonic  acid,  377 
Nitrofluorene,  473 
Nitrohydroxydiphenyl,  379 
Nitro-jS-rnethylnaphthalene,  284 
a-Mtronaphthalene,  55 
/3-Nitronaphthalene,  56 
Nitronaphthalenesulphonic  acid,  75,  76 
a-Mtronaphthalene-a-tetrabromide,   56 
a-Nitronaphthalene-/3-tetrabronride,   56 
a-Nitronaphthalene-7-tetrabromide,  56 
Nitronaphthalenic  acid,  136 
Nitronaphthalic  acid,  322 
Nitro-a-naphthoic  acid,  302,  303 
!Nitro-y8-naphthoic  acid,  306 
Nitro-a-naphthol,  96 
Niti'o-/3-naphthol,  101 
Nitronaphtholactone,  315 
Nitro-3-naphthoquinol,  118 
Mtro-fl-naphthoquinone,  131 
Nitro-7-naphthoquinone,  132 
Nitronaphthostyril,  310 
Nitro-a-naphthylamine,  183,  184 
Nitro-S-naphthylamine,  186 
4-Nitro-a-naphthyl  disulphide,  113 
Mtroperihydroxynaphthoic  acid,  315 
Nitrophenanthrene,  498 
Nitrophenanthrenequinone,   504 
Nitro-o-phenylbenzoie  acid,  434 
Nitro-p-phenyltolyl,  432 
Nitropodocarpic  acid,  508 
Nitropyrene,  360 
Mtrosocarbazole,  417 
Nitrosochloronaphthoresorcinol,   237 
a-Nitrosodiethylnaphthylamine,  240 
Nitroso-fl-a-dihydroxynaphthalene, 

237 
Nitroso-1  :  l'-dihydroxynaphthalene, 

238 
jS-lSTitroso-a-ethylnaphthylamine,  239 
Nitrosonaphthalene,  54 
a-Nitroso-a-naphthol,  227 
«-N"itroso-B-naphthol,  230 
fi-Nitroso-a-naphthol,  229 
Nitrosonaphthoresorcinol,  236 
Nitroso-B-naphthylamidoacetic  acid, 

162 
8-Nitroso-a-naphthylamine,  241 
Nitrosonaphthylhydrazine,  251 
Nitrosonaphthylphenylcarbazole,  531 
Nitrosophenylazonaphthoresorcinol, 

260 


O. 

Octobromo-8-dinaphthylamine,  183 
Octochlorocarbazole,  417 
Octochlorophenanthrene,  496 
Octohydrofluoranthene,  524 
Oetohydrofluorene,  472 


Octohydronaphthalene,  36 
Octohydrophenanthrene,  495 
Orange  I.  270 
Orange  II.  271 
Orthometato-lidine,  446 
Orthotolidine,  444 
Orthotolidinedisulphonic  acid,  445 
Orthotolidinesulphonicacid,  445 
a-Oxalamidothionaphthol,  246 
8-Oxalamidothionaphthol,  247 
a-Oxalonaphthalide,  152 
Oxalylbenzidine,  404 
Oxide  de  chloroxennapMTialise,  124 
Oxide  de  ehloroze'nnaphthose,  122 
Oxiniidoketohydronaphthalene,  222 
Oximidonaphthol,  222 
Oximidopyrenic  acid,  362 
Oxynaphthylaniine,  145 


Parachrysene,   552 
Parasantonic  acid,  346 
Parasantonide,  345 
Paratolidine,  446 
Pentabromonaphthalene,  52 
Pentabrom-a-naphthol,  93 
Pentabromo-B-naphthol,  96 
Pentabromosappanin,  388 
Pentachlorodiphenyl,  372 
Pentaehloro-S-ketohydronaphthalene, 

130 
Pentaehlor-a-ketonaphthalene,  125 
a-Pentachloronaphthalene,  46 
/3-Pentachloronaphthalene,  46 
Pentachlor-a-naphthoquinone,  123 
PercMorodipheno],  384 
Perchlorodiphenyl,  372 
Perchlorodiphenylbenzene,  554 
Perchloronaphthalene,  47 
Perchlor-a-naphthoquinone,  124 
Perchlorotriphenylbenzene,  558 
Perhydroacenaphthene,  353 
Perbydrochrysene,  537 
Perhydrofluorene,  472 
Perhydrophenanthrene,  495 
Perhydropicene,   552 
Perbydroretene,   516 
Periacetylenenaphtbalene,  354 
Periethylenenaphthalene,  352 
Perihydroxy naphthoic  acid,  314 
Phenanthrene,  492 
Phenanthrenecarboxylic  acid,  509 
Phenanthrene  dibromide,   495 
Phenanthrene  disulphonic  acid,  499 
Phenanthrene  picric  acid,  495 
Phenanthrene  picryl  chloride,   495 
Phenanthrenequinhydrone,  504 
Phenanthrenequinol,  500 
Phenanthrenequinone,  501 
Phenanthrenequinonecarboxylic  acid, 

510 
Phenanthrenequinonedioxime,  507 
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Phenanthrenequinonedioxime  anhy- 
dride, 507 
Phenanthrenequinonehydrazone,  507 
Phenanthrenequinone  mercuric  chlor- 
ide, 503 
Phenanthrenequinone  mercuric  cyan- 
ide, 503 
Phenanthrenequinone  sodium  bisul- 
phite, 504 
Phenanthrenequinone  zinc  chloride, 

502 
Phenanthrenequinonimide,  506 
Phenanthrenequinonoxime,   506 
Phenanthrenesulphonic  acid,  499 
Phenanthrol,  499 
Phenanthrone,  506 
Phenanthryl  acetate,  499 
Phenenyltribenzoic  acid,  560,  561 
2'-Phenylamido-/3-naphthol,  21 5 
Phenylamidonaphthoquinone,  218,  528 
Phenylamidonaphthyl  carbamide,  209 
o-Phenylamido-a-nitrosonaphthalene, 

241 
Phenylanilidonaphthoquinone,  529 
Phenylazimidonaphthalene,  264 
Phenylazonaphthoresorcinol,  259 
ro-Phenylbenzoie  acid,  435 
o-Phenylbenzoic  acid,  433 
p-Phenylbenzoic  acid,  435 
p-Phenylbenzonitrile,  436 
Phenylbenzyl  alcohol,  433 
Phenylbenzyl  ethyl  ether,  433 
Phenylbenzyl  methyl  ether,  433 
j»-Phenylbromotolyl,  431 
Phenyl-1  :  2-diamidonaphthalene,  208 
Phenyl-1 :  4-diamidonaphthalene,  201 
Phenyldihydronaphthalene,  532 
Phenyldimethyltetrahydronaphtha- 

lene,  534 
Phenyl-a-/3-dinaphthylcarbazole,  548 
Phenyl-/3-dinaphthyl  urea,  164 
Phenyldisazonaphthoresorcinol,  274 
jD-Phenylene-a-acetonaphthalide,  150 
Phenyleneketonedicarboxylic  acid,  528 
y-Phenylenemethyl-a-naphthylamine, 

148 
p-Phenylene-o-naphthylamine,  148 
;»-Phenylene-j8-naphthylamine,  159 
Phenyl-jS-ethoxy-^-diamidonaphtha- 

lene,  529 
Phenylhydroxynaphthoquinone,  527 
Phenylmethylamidonaphthoquinone, 

528 
6-Phenylnaphthalene,  526 
Phenylnaphthohydroxyquinhydrone, 

528 
Phenylnaphthoquinhydrone,  527 
Phenylnaphthoquinol,  527 
/3-Phenyl-a-naphthoquinone,  527 
Phenyl-a-naphthylamine,  147 
Phenyl- j8-naphthylamine,  159 
Phenyl-jS-naphthylchloroformamide, 

165 
Phenyl-o-naphthylnitrosamine,  148 


Phenyl-/3-naphthylnitrosamine,  159 
Phenyl-a-naphthyl  sulphide,  113 
Phenyl-^-naphthyl  sulphide,  114 
&s-Phenyl-j8-naphthyl  urea,  165 
Phenyl-a-tetrahydronaphthomethyl 

carbamide,  287 
Phenyl-/8-tetrahydronaphthomethyl 

carbamide,  289 
Phenyl-3-tetrahydronaphthomethyl 

thiocarbamide,  289 
m-Phenyltolyl,  430 
o-Phenyltolyl,  430 
jD-Phenyltolyl,  431 
Phenyltrihydroxynaphthalene,  528 
Photosantolactone,  343 
Photosantonic  acid,  343 
Photosantonine,  343 
Phthalyldiethylbenzidine,  404 
Phylloretine,  511 
Picene,  552 
Picenequinone,  552 
Podocarpic  acid,  508 
Ponceau,  2  R,  272 
Ponceau,  3  R,  275 
Ponceau,  4,  G,B,  271 
Ponceau,  SS,  extra,  276 
Potassium  glaucomelanate,  488 
Pseudo-o-hydroxyphenylazimidonaph- 

thalene,  265 
Pseudo-p-hydroxyphenylazimidonaph- 

thalene,  266 
Pseudophenanthrene,  534 
Pseudophenylazimidonaphthalene,   264 
Pyrene,  357 

Pyrene,  constitution  of  363 
Pyrenecarbonitrile,  365 
Pyrenecarboxylic  acid,  364 
Pyrene  cyanide,  365 
Pyrenedicarboxylic  acid,  365 
Pyrene  disulphonic  acid,  360 
Pyreneketone,  362 
Pyrene  quinol,  361 
Pyrene  quinone,  361 
Pyrenesulphonic  acid,  360 
Pyrenic  acid,  362 
Pyrenic  anhydride,  362 
Pyrenimide,  362 
Pyrophotosantonic  acid,  343 
Pyroracemic  acid  a-naphthylhydrazone, 

251 
Pyroracemic  acid  j3-naphthylhydra- 

zone,  253 


R. 

Retene,  511 

Retenedicarboxylic  acid,  519 
Retenedisulphochloride,  517 
Retenedisulphonic  acid,  517 
Retenefluorene,  520 
Retenefluorenyl  acetate,  521 
Retenefluorenyl  alcohol,  520 
Reteneglycollic  acid,  520 
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Reteneketone,  521 
Retene  picric  acid,  515 
Retenequinhy  drone,  519 
Retenequinol,  519 
Retenequinone,  517 
Retenequinonimide,  518 
Retenequinonoxime,  518 
Retenetrisulphonic  acid,  517 
.Resistene,  512 
Roccellin,  272 


S. 


Safran-yellow,  99 

Santone,  344 

Santonic  acid,  344 

Santonide,  345 

Santonin,  338 

Santoninic  acid,  340 

Santoninoxime,  340 

Santoninphenylhydrazone,   340 

Santonious  acid,  341 

Santonyl  chloride,  345 

Sappanin,  388 

Scarlet  R,  272 

Scheererite,  511 

Sequoiene,  475 

Sodium  ct-naphtholazodiphenylsulpho- 

nate,  429 
Sodium  phenolazodiphenylsulphonate, 

428 
Sodium  quinolazodiphenylsulphonate, 

429 
Sodium  resoreinolazodiphenylsulpho- 

nate,  428 
Soudan,  III.  274 
"Stupp",  357 
"Stuppfett",  357 
a-Succinonaphthalide,  152 
/3-Succinonaphthalide,  163 
a-Succinonaphthil,  153 
Sulphiniidonaphthalene,  199 
Sulphonaphthalidaniic  acid,  191 
Sulpho-a-naphthoie  acid,  312,  313 
Sulphopodocarpic  acid,  508 


T. 

Taiguic  acid,  331 
Tectoquinone,  522 
Tetrabromhydrindone,  14 
Tetrabromobenzidine,  405 
Tetrabromo-/3-dinapb.thylamine,  183 
Tetrabromo-7-diphenol,  382 
Tetrabromodiphenolquinone,  382 
Tetrabromonaphthalene,  52 
Tetrabrom-a-naphthoie  acid,  301 
Tetrabromo-/3-naphthoic  acid,  302 
Tetrabromo-jS-naphtkol,   96 
Tetrabrom-a-napntboquinone,  126 
Tetrabromophenanthrene,  497 


Tetrabromoretene,  516 
Tetracetylellagic  acid,  490 
Tetracetylsappanin,  388 
Tetrachlorhydrindone,  13 
Tetrachloro-2  :  2  -dihydroxynaphtha- 

lene,  120 
Tetrachlorodiketohydronaphthalene, 

128 
Tetrachloro-7-diphenol,  381 
Tetrachlorodipkenol  quinone,  381 
Tetrachloro-m-ditoiyl,  439 
Tetrachloro-/3-ketohydronaphthalene, 

129 
TetracMor-a-ketonaphthalene,  124 
Tetrachloro-3-ketonaphthalene,  129 
Tetrachloroketonaphthalene  dichloride, 

125 
a-Tetrachloronaphtnalene,  46 
/3-Tetrachloronaphthalene,  46 
7-Tetraehloronaphthalene,  46 
S-Tetrachloronaphthalene,  46 
e-Tetrachloronaphtbalene,  46 
f-Tetrachloronaphthalene,  46 
Tetraehlor-a-naphthoquinone,  123 
Tetraehloronitronaphthalene,  61 
Tetrachlorophenanthrene,  496 
Tetrachloropyrene,  359 
Tetraethoxydibenzoquinone,  393 
Tetraethoxydiresorcinol,  386 
Tetraethylbenzidine,  403 
Tetraethylbenzidinediniethylammon- 

ium  iodide,  403 
Tetrahydroacenaphthene,  353 
Tetrahydro-a-amidoazonaphthalene, 

268 
ae-Tetrahydro-1  : 4'-amidonaplithol, 

213 
ac-Tetrahydro-1  : 2-diarnidonaphtha- 

lene,  210 
ar-Tetrahydro-1  : 2-diamidonaphtha- 

lene,  209 
a?'-Tetrahydro-l  :  4-dianiidonaphtha- 

lene,  201 
Tetrahydro-1  : 4'-diamidonaphtb.alene. 

203 
a7--Tetrahydrodiethyl-/3-naphthyl- 

amine,  178 
ar-Tetrahydrodimethyl-a-naplithyl- 

amine,  177 
ac-Tetrahydrodimethyl-j8-naplithyl- 

amine,  175 
ar-Tetrahydrodiniethyl-j3-naphthyl- 

amine,  178 
Tetrahydrodiphenyl,  371 
Tetrahydrodiphenyl  dibromide,  371 
Tetrahydroellagie  acid,  491 
Tetrahydro-o-ethylamido-a-nitroso- 

naphthalene,  2^0 
ar-Tetrahydroethyl-ct-naphthylamine, 

177 
ae-Tetrahydroethyl-i8-naphthylamine, 

174 
ar-Tetrahydroetnyl-/3-naplitnylamine, 

178 
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ar-Tetrahydroethyl-a-naphthylnitros- 

amine,  177 
ac-Tetrahydroethyl-/3-naphthylnitros- 

amine,  175 
a-Tetrahydronaphthalene,  35 
j3-Tetrahydronaphthalene,  34 
Tetrahydronaphthalenedicarboxylic 

acid,  324 
Tetrahydronaphthalenedicarboxylic 

anhydride,  325 
Tetrahydronaphthalenesulphonie  acid, 

35 
a-Tetrahydronaphthamide,  294 
a-Tetrahydronaphthoic  acid,  294 
ar-Tetrahydro-a-naphthol,  81 
ac-Tetrahydro-#-naphthol,  87 
ar-Tetrahydro-jS-naphthol,  89 
ar-Tetrahydro-a-naphthol  ethyl  ether, 

83 
Tetrahydro-a-naphthomethylamine, 

286 
Tetrahydro-/3-naphthomethylamine, 

288 
Tetrahydro-jS-naphthomethylcarb- 

amide,  288 
o-Tetrahydronaphthonitrile,  294 
ar-Tetrahydro-a-naphthoquinol,  126 
ar-Tetrahydro-a-naphthoquinone,  126 
ac-Tetrahydro-£-naphthyl  acetate,  88 
ac-Tetrahydro-a-naphthylaniine,  169 
ar-Tetrahydro-a-naphthylamine,  176 
ac-Tetrahydro-/9-naphthylamine,  171 
(ir-Tetrahydro-/3-naphthylarnine,  178 
Tetrahydro-a-naphthylamineazoben- 

zenesulphonic  acid,  261 
ac-Tetrahydro-/3-naphthyl  benzoate, 

88 
esc-Tetrahydro-tf-naphthyl  chloride,  88 
ac-Tetrahydro-jS-naphthyl  phenylcar- 

baraate,  89 
ac-Tetrahydro-jS-naphthylxanthogenic 

acid,  89 
Tetrahydrophenanthrene,  495 
Tetrahydroretene,  515 
a-Tetrahydrothionaphthamide,  295 
ae-Tetrahydro-^7-tolyl-/3-naphthyl- 

amine,  176 
Tetrahydroxydibenzoquinone,  390 
Tetrahydroxy-o-dirxaphthyl,  543 
Tetrahydroxydiphenyl,  386 
Tetrahydroxyditolyl,  441 
Tetramethoxydibenzoquinone,  390 
Tetramethoxyditolyl,  442 
Tetramethylbenzidine,  402 
Tetramethyldiphenyline,  412 
Tetramethyltetramidodiphenyl,  414 
Tetramidodibenzoquinone,  423 
Tetramido-7-diphenol,  422 
Tetramidodiphenyl,  414 
Tetramidotriphenylbenzene,  558,  559 
j8-Tetranaphthyl  urea,  164 
Tetranilidonaphthalene,  211 
Tetranitrocarbazole,  418 
Tetranitrochrysene,  538 

337 


Tetranitrodimethylbenzidine,  407 
Tetranitro-j3-dinaphthylamine,  187 
Tetranitro-'y-diphenol,  382 
o-Tetranitronaphthalene,  59 
j8-Tetranitronaphthalene,  59 
Tetranitro-o-naphthol,  100 
Tetranitro-o-naphthylamine,  185 
Tetranitro-j8-naphthylamine,  187 
Tetranitropyrene,  360 
Tetranitro tetramethylbenzidine,  407 
Tetranitrotriphenylbenzene,  558 
Tetrazodiphenol,  425 
Tetrazodiphenylamidobenzene,  425 
Tetrazodiphenylimide,  425 
Tetrazodiphenyl  nitrate,  424 
Tetrazodiphenyl  perbromide,  425 
Tetrazodiphenyl  sulphate,  424 
a-Thioacetonaphthalide,  150 
;8-Thioacetonaplithalide,  161 
a-Thiobenzonaphthalide,  150 
l-Thiocarbamido-)3-naphthol,  215 
2-Thiocarbamido-o-naphthol,  212 
Thiocarbamidothionaphthol,  245 
Thiodiphenylol,  395 
Thionaphthamic  acid,  188 
o-Thionaphthol,  112 
j8-Thionaphthol,  113 
a-Thionaphthyl  acetate,  112 
j3-Thionaphthyl  acetate,  114 
Thio-jS-naphthylamine,  244 
a-Thionaphthyl  benzoate,  112 
j8-Thionaphthyl  benzoate,  114 
,8-Thionaphthyl  cyanate,  113 
o-Thionaphthyl  ethyl  ether,  112 
jS-Thionaphthyl  ethyl  ether,  113 
Thiophenyl-a-naphthylamine,  244 
Thiophenyl-/3-naphthylamine,  245 
Toluene-azodiamidobenzeneazonaph- 

thalene,  273 
p-Tolueneazo-j8-phenylnaphthylamine, 

266 
Toluido-a-naphthoquinone,  219 
Toluidonaphthoquinoneditoluide,  224 
o-Tolyl-a-naphthylamine,  148 
o-Tolyl-j8-naphthylamine,  159 
p-Tolyl-a-naphthylamine,  148 
p-Tolyl-jS-naphthylamine,  159 
Triamidodiphenyl,  413 
Triamidodiphenylbenzene,  555 
Triamidonaphthalene,  211 
Triamido-a-naphthol,  213 
Trianilidonaphthalene,  211 
Triazonaphthalene,  251 
Tri-o-benzoylenebenzene,  560 
Tri-o-benzylenebenzene,  559 
Tribromethylnaphthalene,  326 
Tribromindone-oxime,  12 
Tribromodinitrochrysene,  538 
Tribromodiphenyl,  373 
Tribromofluoranthene,  524 
Tribromofluorene,  473 
Tribromonaphthalene,  51 
Tribromo-£-naphthoic  acid,  302 
Tribrorno-/3-naphthoquinone,  131       * 
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Tribromophenanthrene,  497 
Tribromopyrene,  359 
Tribromotrinitrodiphenyl,  376 
Tribromotritolylbenzene,  559 
Triehlorhydrindone,  13 
Trichlorhydroxyhydrindenecarboxylic 

acid,  8 
Trichlorocarbazole,  417 
Trichloro-diketohydronaphthalene, 

127 
Triehlorodinitronaphthalene,  61 
Trichlorofluorantliene,  524 
Triohlorofluorene,  472 
TricMoro-j8-ketohydronaphthalene-a- 

oxime,  235 
Triohlor-a-ketonapbthalene,  124 
Trichloro-j3-ketonaphthalene,  129 
Trichloroketonaphthalene  dichloride, 

125 
$-Trichloronaprithalene,  45 
fl-Trichloronaphthalene,  45 
1:2:  2'-Tricliloronaphthalene,  44 
1:2: 3-Triehloronaphthalene,  43 
1:2:  3'-Triehloronaphthalene,  44 
1:2:  4-Trichloronaphthalene,  43 
1:2:  4'-Trichloronapbthalene,  44 
1:3:  2'-Triohloronaphthalene,  44 
1:3:  4'-TrichloTonaplithaleiie,  44 
1:4:  l'-Trichloronaphthalene,  44 
1:4: 2'-Trichloronaphthalene,  45 
2:3:  l'-Trichloronaphthalene,  45 
2:3:  2'-Trichloronaphthalene,  45 
a-Trichloronaphthalene  dichloride,  46 
j8-Trichloronaphthalene  dichloride,  46 
Trichlor-a-naphthoic  acid,  300 
Trichlor-o-naphthol,  92 
Trichloro-/3-naphthol,  95 
Trichlor-a-naphthoquinone,  123 
Trichloropyrene,  359 
Trichlorovinyldichlorobenzylcarboxylic 

acid,  131 
Triethyl-a-naphthylanrnionium  bro- 
mide, 147 
Triethyl-B-naphthylarnmonium  iodide, 

147 
Triethylnaphthylphosphonium  iodide, 

280 
Trihydroxychloronaphthalene,  134 


Trihydroxynaphthalene,  139 
1:2: 4-Trihydroxynaphthalene,  132 
Trihydroxynaphthoquinone,  142 
Tri-isonitrosodiketohydrindene,  17 
Trimethyl-a-naphthylammonium 

hydroxide,  146 
Trimethyl-a-naphthylammonium 

iodide,  146 
Trimethyl-j8-naphthylammonium 

iodide,  158 
Trinaphthylcyanuramide,  168 
a-Trinaphthylguanidine,  166 
Trmitrochloronaphthol,  102 
Trinitro-dichloronaphthalene,  6 1 
Trinitrodiphenylbenzene,  555 
Trinitrofiuoranthene,  524 
Trinitroisodiphenylbenzene,  556 
a-Trinitronaphthalene,  58 
/3-Trinitronaphthalene,  58 
7-Trinitronaphthalene,  59 
Trinitro-a-naphthoic  acid,  305 
Trinitro-a-naphthol,  100 
Trinitro-a-naphthylamine,  185 
Trinitro-/3-naphthylamine,  187 
Trinitrotritolylbenzene,  559 
s-Triphenylbenzene,  557 
Triphenylene,  556 
Tri-y-toluidonaphthalene,  211 
Tri-2>-tolylbenzene,  559 
Tropaeolin  000,  No.  1,  270 
Tropaeolin  000,  No.  2,  271 

V. 

Valerophenanthrene  quinol,  501 
Violet-black,  277 


White  polyquinone,  527 
"Wool-black,  277 


Yellow  polyquinone,  527 


THE  END. 
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A  Treatise  on  Chemistry, 

By  Sir  H.  E.  Kosoob,  F.  R.  S.,  and  0.  Sohoelemmee,  F.  R.  S.,  Professors 
of  Chemistry  in  the  Victoria  University,  Owens  College,  Manchester. 
With  Illustrations.    8vo  volumes,  as  follows : 

INORGANIC   CHEMISTRY. 

Volume  I. — Non-Metallic  Elements.     8vo,  cloth.    Price,  $5.00. 

Volume  II.— Metals.       In  Two  Parts,   8vo,   cloth.       Price— Part  I,   $3.00; 

Part  II,  $3.00. 

ORGANIC   CHEMISTRY. 

Volume  III. — The  Chemistry  of  the  Hydrocarbons  and  their  Deriva- 
tives. In  Six  Parts,  8vo,  cloth.  Price— Part  I,  $5.00 ;  Part  II,  $5.00 ;  Part  III, 
$3.00 ;  Part  rV,  $3.00 ;  Part  V,  $3.00 ;  Part  VI,  $3.00. 

"  One  of  the  best  treatises  in  our  language."— Iron. 

"It  is  difficult  to  praise  too  highly  the  selection  of  materials  and  their  arrangement,  or 
the  wealth  of  illustrations  which  explain  aDd  adorn  the  text." — London  Academy. 

Manual  of  Chemical  Technology. 

By  Rudolf  von  Wagner,  translated  and  edited  by  William  Ceookes, 
F.  R.  S.,  from  the  thirteenth  enlarged  German  edition.  With  696  Illus- 
trations.   8vo.    Cloth,  $7.50. 

The  present  English  version  differs  so  widely  from  that  which  appeared  in  1872,  that  it 
may  be  regarded  as  substantially  a  new  work.  It  is  founded  on  the  thirteenth  German  edi- 
tion of  1888,  brought  out  by  Dr.  Ferdinand  Fischer,  and  remodeled  in  accordance  with  the 
many  important  changes  which  have  been  recently  effected  in  chemical  industry. 

The  New  Chemistry, 

By  Prof.  Josiah  Parsons  Cooke,  LL.D.,  Professor  and  Director  of  the 

Chemical  Laboratory,  Harvard  University.     12mo.     Cloth,  $2.00. 

"The  earliest  consistent  exposition  of  a  uniform  system  of  molecular  mechanics.  Its 
philosophy  has  been  widely  accepted  both  in  England  and  in  Germany,  and  the  hook  has 
been  translated  into  most  of  the  languages  of  Europe."— Scientific  American. 

Laboratory  Practice. 

A  Series  of  Experiments  on  the  Fundamental  Principles  of  Chemistry. 
A  companion  volume  to    "The  New   Chemistry."      By  Prof.  Josiah 
Paksonb  Cooke,  LL.  D.,  Professor  and  Director  of  the  Chemical  Labora- 
tory, Harvard  University.     12mo.     Cloth,  $1.00. 
"It  is  thought  by  the  writer  that  a  course  on  the  fundamental  principles  of  chemistry, 
like  the  one  here  outlined,  is  far  more  suitable  for  the  pupils  of  secondary  schools  than  the 
meager  description  of  the  scheme  of  the  chemical  elements  which  is  presented  in  epitome 
by  most  of  the  elementary  text-books  on  this  science;  and  in  order  to  bring  the  experi- 
mental method  within  the  means  of  all  schools  of  that  class,  the  writer  has  sought  to  adapt 
to  the  purposes  of  instruction  common  household  utensils,  such  as  may  be  made  by  a  tin- 
smith or  found  at  any  house-furnisbing  store.  .  .  .  The  student  ought  to  be  left  to  make  his 
own  observations,  and  then  to  interpret  the  results  with  such  aid  as  may  be  necessary  from 
the  instructor." — From  the  Preface. 
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Principles  of  Geology ; 

OR,  THE  MODERN  CHANGES  OF  THE  EARTH  AND  ITS  IN- 
HABITANTS, CONSIDERED  AS  ILLUSTRATIVE  OF  GEOLOGY. 
By  Sir  Charles  Ltell,  Bart.  Illustrated  with  Maps,  Plates,  and  Wood- 
cuts.    Two  vols.,  royal  8vo.     Cloth,  $8.00. 

The  "  Principles  of  Geology  "  may  be  looked  upon  with  pride,  not  only  as  a  representa- 
tive of  English  (science,  but  as  without  a  rival  of  its  kind  anywhere.  Growing  in  fullness 
and  accuracy  with  the  growth  of  experience  and  observation  in  every  region  of  the  world, 
the  work  has  incorporated  with  itself  each  established  discovery,  and  has  been  modified  by 
every  hypothesis  of  value  which  has  been  brought  to  bear  upon,  or  been  evolved  from,  the 
most  recent  body  of  facts. 

The  Autobiography  of  the  Earth  : 

A  POPULAR  ACCOUNT  OF  GEOLOGICAL  HISTORY.  By  Rev. 
H.  N.  Hutchinson,  B.  A.,  F.  G.  S.  "With  27  Illustrations.  Crown  8vo. 
Cloth,  $1.50. 

"  A  scientific  work,  divested  of  technicalities,  and  put  into  a  bright,  narrative  form  which 
can  not  but  attract  even  the  most  general  reader." — Boston  Transcript. 

"  It  is  hardly  conceivable  that  the  rich  results  of  the  science  of  geology  can  be  so  treated 
as  to  prove  uninteresting  to  thinking  people,  be  they  young  or  old.  When,  therefore,  we 
say  that  Mr.  Hutchinson's  book  is  extremely  interesting,  no  more  might  be  implied  than  that 
the  author  has  skillfully  used  the  vast  materials  at  his  hand.  But  Mr.  Hutchinson  has  suc- 
cessfully carried  out  a  difficult  design  on  an  admirable  plan,  and  has  adhered  to  that  plan 
throughout.    His  smetch  of  historical  geology  has  a  genuine  continuity." — Saturday  Review. 

Contributions  to  the  Geology  and  the  Physi- 
cal Geography  of  Mexico. 

By  Baron  F.  W.  Von  Egloffstein.     Large  8vo.     Cloth,  $4.00. 

A  Reprint  of  Annual  Reports  and  other  Papers 
of  the  Geology  of  the  Virginias. 

By  the  late  William  Baeton  Rogees,  LL.  D.,  etc.,  Director  of  the  Geo- 
logical Survey  of  Virginia  from  1835  to  1841.  With  numerous  Maps, 
Colored  Charts,  etc.     12mo.     Cloth,  $5.00. 

Natural  Resources  of  the  United  States. 

By  Jaoob  Haeeis  Patton,  M.  A.,  Ph.  D.    8vo.    523  pages.    Cloth,  $3.00. 

"  This  portly  octavo  of  over  500  pages  is  an  encyclopedic  directory  to  its  subject,  and  a 
work  of  comprehensive  scope,  exhaustive  research,  scientific  spirit,  and  good  literary  form. 
.  .  .  Capitalists,  investors,  railroad  projectors,  land  speculators,  and  all  n-ho  need  to  know 
the  distribution  of  land  values,  will  find  a  vast  amount  of  information  in  this  well-arranged 
work,  the  contents  of  which,  it  is  safe  to  say,  could  not  be  found  assembled  in  similar  com- 
pass 'elsewhere."— Boston  Literary  World,. 

"  As  interesting  to  read  as  it  is  valuable  to  consult.  By  the  employment  of  fine  white 
paper  and  large,  dear  type,  the  publishers  have  made  it  an  elegant  specimen  of  the  printer's 
art." — New  York  Sun. 
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The  Ice  Age  in  North  America, 

AND  ITS  BEARINGS  UPON  THE  ANTIQUITY  OF  MAN.    By  G. 

Frederick  Wright,  D.  D.,  LL.  D.     With   148  Maps   and  Illustrations. 

Third  edition,  containing  Appendix  on  the  "  Probable  Cause  of  Glaoia- 

tion,"  by  Warren  Upham,  F.  G.  S.  A.,  and  Supplementary  Notes.     8vo. 

625  pages,  and  complete  Index.     Cloth,  $5.00. 

"Prof.  Wright's  work  is  great  enough  to  be  called  monumental.  There  is  not  a  page 
that  is  not  instructive  and  suggestive.  It  is  sure  to  make  a  reputation  ahroad  as  well  as  at 
home  for  its  distinguished  author,  as  one  of  the  most  active  and  intelligent  of  the  living 
students  of  natural  science  and  the  special  department  of  glacial  action." — Philadelphia 
Bulletin. 

The  Great  Ice  Age, 

AND  ITS  RELATION  TO  THE  ANTIQUITY  OF  MAN.    By  James 

Geikie,  F.  R.  S.  E.,  of  H.  M.  Geological  Survey  of  Scotland.     TV  ith  Maps 

and  Illustrations.     12mo.     Cloth,  $2.50. 

A  systematic  account  of  the  Glacial  epoch  in  England  and  Scotland,  -with  special 
reference  to  its  changes  of  climate. 

The  Cause  of  an  Ice  Age. 

By  Sir  Robert  Ball,  LL.  D.,  F.  R.  S.,  Royal  Astronomer  of  Ireland, 

author  of  "  Starland."     The  first  volume  in  the  Modern  Science  Series, 

edited  by  Sir  John  Lubbock.     12mo.     Cloth,  $1.00. 

"  An  exceedingly  bright  and  interesting  discussion  of  some  of  the  marvelous  physical 
revolutions  of  which  our  earth  has  been  the  scene.  Of  the  various  ages  traced  and  located 
by  scientists,  none  is  more  interesting  or  can  be  more  so  than  the  Ice  Age,  and  never  have  its 
phenomena  been  more  clearly  and  graphically  described,  or  its  causes  more  definitely  located, 
than  in  this  thrillingly  interesting  volume." — Boston  Traveller. 

Town  Geology. 

By  the  Rev.  Charles  Kingsley,  F.  L.  S.,  F.  G.  S.,  Canon  of  Chester. 

12mo.     Cloth,  $1.50. 

"  I  have  tried  rather  to  teach  the  method  of  genloey  than  its  facts ;  to  furnish  the  student 
■with  a  key  to  all  geology ;  rough  indeed  and  rudimentary,  but  sure  and  sound  enough,  I 
trust,  to  help  him  to  unlock  most  geological  problems  which  may  meet  him  in  any  quarter  of 
the  globe." — From  the  Preface. 

An  American  Geological  Railway  Guide. 

Giving  the  Geological  Formation  along  the  Railroads,  with  Altitude  above 

Tide-water,  Notes  on  Interesting  Places  on  the  Routes,  and  a  Description 

of  each  of  the  Formations.     By  James  Maofarlane,  Ph.  D.,  and  more 

than  Seventy-five  Geologists.     Second  edition,  1890.    426  pages.     8vo. 

Cloth,  $2.50. 

*'  The  idea  is  an  original  one,  and  its  value  is  by  no  means  confined  to  its  originality. 
The  book  does  not  confine  itself  to  dry  facts,  but  in  a  series  of  foot-notes  gives  a  great  deal 
of  information  of  general  interest.  The  articles  on  the  several  States  are  by  eminent  scien- 
tific authorities.  Mr.  Macfarlane  has  produced  a  very  convenient  and  serviceable  hand-book, 
available  alike  to  the  practical  geologist,  to  the  student  of  that  science,  and  to  the  intelligent 
traveler  who  would  like  to  know  the  country  through  which  he  is  passing." — Boston 
Evening  Transcript. 
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RICHARD  A.  PROCTOR'S  WORKS. 

Other  Worlds  than  Ours : 

THE  PLURALITY  OP  WORLDS,  STUDIED  UNDER  THE  LIGHT 

OF  RECENT  SCIENTIFIC  RESEARCHES.     By  Riohabd  Anthony 

Peootoe.     With  Illustrations,  some  colored.    12mo.     Cloth,  $1.75. 

Contents. — Introduction. — "What  the  Earth  teaches  us. — What  we  learn  from  the  Sun. — 
The  Inferior  Planets. — Mars,  the  Miniature  of  our  Earth. — Jupiter,  the  Giant  of  the  Solar 
System. — Saturn,  the  Einged  World. — Uranus  and  Neptune,  the  Arctic  Planets. — The 
Moon  and  other  Satellites. — Meteors  and  Comets :  their  Office  in  the  Solar  System. — Other 
Suns  than  Ours.— Of  Minor  Stars,  and  of  the  Distribution  of  Stars  in  Space. — The  Nebula? : 
are  they  External  Galaxies  % — Supervision  and  Control. 

Our  Place  among  Infinities. 

A  Series  of  Essays  contrasting  our  Little  Abode  in  Space  and  Time  with 
the  Infinities  around  us.  To  which  are  added  Essays  on  the  Jewish  Sab- 
hath,  and  Astrology.     12mo.     Cloth,  $1.75. 

Contents. — Past  and  Future  of  the  Earth. — Seeming  Wastes  in  Nature. — New  Theory 
of  Life  in  other  Worlds. — A  Missing  Comet. — The  Lost  Comet  and  its  Meteor  Train. — 
Jupiter. — Saturn  and  its  System.— A  Giant  Sun. — The  Star  Depths.— Star  Gauging. — Saturn 
and  the  Sabbath  of  the  Jews. — Thoughts  on  Astrology. 

The  Expanse  of  Heaven. 

A  Series  of  Essays  on  the  Wonders  of  the  Firmament.    12mo.    Cloth,  $2.00. 

Contents. — A  Dream  that  was  not  all  a  Dream. — The  Sun. — The  Queen  of  Night.— 
The  Evening  Star.— The  Ruddy  Planet. — Life  in  the  Buddy  Planet. — The  Prince  of  Planets. 
—Jupiter's  Family  of  Moons. — The  Bing-girdled  Planet. — Newton  and  the  Law  of  the 
Universe. — The  Discovery  of  Two  Giant  Planets. — The  Lost  Comet. — Visitants  from  the 
Star  Depths. — Whence  come  the  Comets  ?— The  Comet  Families  of  the  Giant  Planets.— The 
Earth's  Journey  through  Showers.— How  the  Planets  Grew.— Our  Daily  Light. — The  Flight 
of  Light.— A  Cluster  of  Sun3.— Worlds  ruled  by  Colored  Suns.— The  King  of  Suns.— Four 
Orders  of  Suns. — The  Depths  of  Space. — Charting  the  Star  Depths.— The  Star  Depths  astir 
with.  Life.— The  Drifting  Stars  the  Milky  Way. 

The  Moon : 

HER    MOTION'S,    ASPECT,    SCENERY,    AND    PHYSICAL    CON- 
DITIONS.     With  Three   Lunar   Photographs,  Map,  and  many  Plates, 
Charts,  etc.     12mo.     Cloth,  $2.00. 
Contents.— The  Moon's  Distance,  Size,  and  Mass.— The  Moon's  Motions.— The  Moon's 
Changes  of  Aspect,  Rotation,  Libration,  etc.— Study  of  the  Moon's  Surface.— Lunar  Celes- 
tial Phenomena.— Condition  of  the  Moon's  Surface.— Index  to  the  Map  of  the  Moon. 

Light  Science  for  Leisure  Hours. 

Familiar  Essays  on  Scientific  Subjects,  Natural  Phenomena,  etc.     12mo. 

Cloth,  $1.75. 
Contents.— Strange  Discoveries  respecting  the  Aurora.— The  Earth  a  Magnet— Our 
Chief  Timepiece  losing  Time.— Eneke,  the  Astronomer.— "Venus  on  the  Sun's  Face.— Recent 
Solar  Researches.— Government  Aid  to  Science.— American  Alms  for  British  Science.— The 
Secret  of  the  North  Pole.— Is  the  Gulf  Stream  a  Myth  ?— Floods  in  Switzerland.— A  Great 
Tidal  Wave.— Deep-sea  Dredgings.—  The  Tunnel  through  Mont  Cenis.— Tornadoes.— Vesu- 
vius.—The  Earthquake  in  Peru.— The  Greatest  Sea-wave  ever  known.— The  Usefulness  of 
Earthquakes.— The  Forcing  Power  of  Rain.— A  Shower  of  Snow-Crystals.— Long  Shots.— 
Influence  of  Marriage  on  the  Death-rate.— The  Topographical  Survey  of  India.— A  Ship 
attacked  bv  a  Sword-fish.— The  Safety-Lamp.— The  Dust  we  have  to  breathe.— Photographic 
Ghosts.— The  Oxford  and  Cambridge  Rowine  Styles.— Betting  on  Horse-races;  or  the  State 
of  the  Odds.— Squaring  the  Circle.— A  New  Theory  of  Achilles's  Shield. 
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The  Humai\  Species. 

By  A.  Db  Qtjatrefages,  Professor  of  Anthropology  in  the  Museum  of  Natural 
History,  Paris.     12mo.     Cloth,  $2.00. 

The  work  treats  of  the  unity,  origin,  antiquity,  and  original  localization  of  the  human 
species,  peopling  of  the  globe,  acclimatization,  primitive  man,  formation  of  the  human 
races,  fossil  human  races,  present  human  races,  and  the  physical  and  psychological  char- 
acters of  mankind. 

Students'  Text-book,  of  Color ;  or,  modern  chromatics. 

With  Applications  to  Art  and  Industry.  With  one  hundred  and  thirty  Original 
Illustrations,  and  Frontispiece  in  Colors.  By  Ogden  N.  Rood,  Professor  of  Phys- 
ics in  Columbia  College.     12mo.     Cloth,  $2.00. 

"  In  this  interesting  book  Professor  Rood,  who,  as  a  distinguished  Professor  of  Physics 
in  Columbia  College,  United  States,  must  be  accepted  as  a  competent  authority  on  the 
branch  of  science  of  which  he  treats,  deals  briefly  and  succinctly  with  what  may  be  termed 
the  scientific  rationale  of  his  subject.  But  the  chief  value  of  his  work  is  to  be  attributed 
to  the  fact  that  he  is  himself  an  accomplished  artist  as  well  as  an  authoritative  expounder 
of  science." — Edinburgh  Bevieio,  October,  1879,  in  an  article  on  "The  Philosophy  of  Color." 

Education  as  a  Science. 

By  Alexander  Bain,  LL.  D.     12mo.    Cloth,  $1.75. 

"  This  work  must  be  pronounced  the  most  remarkable  discussion  of  educational  prob- 
lems which  has  been  published  in  our  day.  We  do  not  hesitate  to  bespeak  for  it  the  widest 
circulation  and  the  most  earnest  attention.  It  should  be  in  the  hands  of  every  school- 
teacher and  friend  of  education  throughout  the  land." — Mew  York  Sun. 

A  History  of  the  Growth  of  the  Steam-Engine. 

By  Robert  H.  Thurston,  A.  M.,  C.  E.,  Professor  of  Mechanical  Engineering  in  the 

Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  etc.     With  one  hundred  and 

sixty-three  Illustrations,  including  fifteen  Portraits.     12mo.     Cloth,  $2.50. 

"  Professor  Thurston  almost  exhausts  his  subject ;  details  of  mechanism  are  followed  by 
Interesting  biographies  of  the  more  important  inventors.  If,  as  is  contended,  the  steam- 
engine  is  the  most  important  physical  agent  in  civilizing  the  world,  its  history  is  a  desidera- 
tum, and  the  readers  of  the  present  work  will  agree  that  it  could  have  a  no  more  amusing 
and  intelligent  historian  than  our  author." — Boston  Gazette. 

Studies  ii\  Spectrum  Analysis. 

By  J.  Norman  Lookter,  F.  R.  S.,  Corespondent  of  the  Institute  of  France,  etc. 

With  sixty  Illustrations.     12mo.     Cloth,  $2.50. 

"  The  study  of  spectrum  analysis  is  one  fraught  with  a  peculiar  fascination,  and  some 
of  the  author's  experiments  are  exceedingly  picturesque  in  their  results.  They  are  so 
lucidly  described,  too,  that  the  reader  keeps  on,  from  page  to  page,  never  flagging  in  in- 
terest in  the  matter  before  him,  nor  putting  down  the  book  until  the  last  page  is  reached." 
— Mew  York  Evening  Express. 

D.  APPLETON  &  CO.,  Publishers, 

1,  3.  &  3  Bond  Street,  New  York. 


D.  APPLETON  &   CO.'S  PUBLICATIONS. 
General  Physiology  of  Muscles  and  Nerves. 

By  Dr.  I.  Rosenthal,  Professor  of  Physiology  at  the  University  of  Erlangen 

With  seventy-fire  Woodcuts.     ("  International  Scientific  Series."}    12mo.     Cloth, 

$1.50. 

"  The  attempt  at  a  connected  account  of  the  general  physiology  of  muscles  and  nerves 
is,  as  far  as  I  know,  the  first  of  its  kind.  The  general  data  for  this  branch  of  soienee  have 
been  gained  only  within  the  past  thirty  years." — Extract  from  Preface. 

Sight : 

An  Exposition  of  the  Principles  of  Monocular  and  Binocular  Vision.    By  Joseph 
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